Managing Natura 2000 in a changing world : the case of the Serra da Estrela (Portugal) by Jansen, J.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/90921
 
 
 
Please be advised that this information was generated on 2017-12-06 and may be subject to
change.
1 
 
Managing Natura 2000 in a changing world: 
The case of the Serra da Estrela (Portugal) 
 
 
 
 
 
 
 
 
 
 
Jan Jansen 
2 
 
3 
 
Managing Natura 2000 in a changing world: 
The case of the Serra da Estrela (Portugal) 
 
 
 
 
 
 
 
 
Een wetenschappelijke proeve op het gebied van de Natuurwetenschappen, Wiskunde en 
Informatica 
 
 
 
 
 
 
PROEFSCHRIFT 
 
 
 
 
 
 
 
ter verkrijging van de graad van doctor 
aan de Radboud Universiteit Nijmegen 
op gezag van de rector magnificus prof. mr. S.C.J.J. Kortmann, 
volgens besluit van het college van decanen 
in het openbaar te verdedigen op 
woensdag 28 september 2011 
om 10.30 uur precies 
 
 
 
door 
 
 
 
Jan Jansen 
 
geboren op 6 juni 1953 
te Almelo 
 
4 
 
Promotoren: 
  
 Prof. Dr. C. W. P. M. (Kees) Blom 
 Prof. Dr. M. G. C. (Matthijs) Schouten (Wageningen UR) 
 
Manuscriptcommissie: 
  
 Prof. Dr. J. M. (Jan) van Groenendael 
 Dr. Ir. W. H. (Herbert) Diemont (Wageningen UR) 
 Prof. Dr. C. (Carsten) Hobohm (Universität Flensburg) 
 Prof. Dr. J. H. J. (Joop) Schaminée 
 Prof. Dr. M. (Miguel) Pinto da Silva Menezes de Sequeira (Universidade de Madeira) 
 
Paranimfen: 
 
 Drs. S. M. (Stephan) Hennekens 
 Drs. E. W. M. S. (Elvira) Janssen 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ISBN: 978-90-8891-310-5 
Printed by:   Proefschriftmaken.nl 
Published by:  Uitgeverij BOXPress, Oisterwijk 
 
© J. Jansen; all rights reserved. 
Jansen J 2011 Managing Natura 2000 in a changing world. The example of the Serra da Estrela (Portugal). PhD 
thesis, Radboud University Nijmegen. 
5 
 
Contents 
 
Abstract ...................................................................................................................................... 7 
 
Introduction  
 
Chapter 1 General introduction ………………………………………………………..…..9 
Box 1 Biodiversity, biotopes and physical nature of the study area ………………....20 
 
Part 1 Filling knowledge gaps concerning Natura 2000 habitats 
 
Chapter 2 Some notes on Vaccinium uliginosum L. subsp. gaultherioides (Bigelow) 
Young, a new species to the flora of Portugal. (Portugaliae Acta Biologica  
19: 177-186) ...................................................................................................... 27 
Chapter 3 Stands of Cytisus oromediterraneus in the Serra da Estrela, with some  
remarks on the habitats of the Bluethroat (Luscinia svecica cyanecula).  
(IIº seminário técnico conservação da natureza na Serra da Estrela,  
conservar a Estrela: 23-45. Manteigas: Instituto da Conservação da  
Natureza, Parque Natural da Serra da Estrela) .................................................. 35 
Chapter 4 Heide- und Zwerg-Wacholdervegetation in den höheren Stufen der Serra  
da Estrela (Portugal), unter besonderer Berücksichtigung des Potentillo-
Callunetum. (Berichte der Reinhold-Tüxen-Gesellschaft 6: 279-303) .............. 47 
Chapter 5 Silikatschutt-Vegetation in den höheren Stufen der Serra da Estrela  
(Portugal). (Berichte der Reinhold-Tüxen-Gesellschaft 10: 95-124) ................ 73 
Chapter 6 The vegetation of shallow waters and other seasonally-inundated habitats 
(Littorelletea and Isoëto-Nanojuncetea) in the higher parts of the Serra  
da Estrela, Portugal. (Mitteilungen des Badischen Landesvereins für 
Naturkunde und Naturschutz, N.F. 17(2): 449-462) ........................................ .97 
 
Part 2 New avenues to halt the loss of biodiversity 
 
Box 2 History of impacts on the landscape and on biodiversity in the Serra da  
Estrela since the Late Glacial .......................................................................... 112 
Chapter 7 Prospects of the open Atlantic mountain landscape of Europe at its 
southwestern limit: the possible role of heathland-based farming in  
achieving EU Directives in the Serra da Estrela. (Pinto Correia T,  
Bunce RGH & Howard DC (Eds) Landscape Ecology and Management  
of Atlantic Mountains. IALE Publication Series 2: 75-83) ............................. 129 
Chapter 8 The infield-outfield farming system as a major solution for sustainable 
management of the semi-natural and cultural heritage in Parque Natural  
da Serra da Estrela. (Lazaroa 29: 19-26)......................................................... 139 
Chapter 9 Implementing NATURA 2000 in farmed landscapes: the Serra da Estrela, 
Portugal. (Ekológia 30(2): 199-215) ............................................................... 149 
Box 3 Commons......................................................................................................... 164 
 
 
 
 
6 
 
Part 3 Synthesis 
 
Chapter 10 Synthesis .......................................................................................................... 173 
List of acronyms..................................................................................................................... 194 
References .............................................................................................................................. 195 
Summary ................................................................................................................................ 213 
Sumário .................................................................................................................................. 221 
Samenvatting.......................................................................................................................... 230 
Acknowledgements ................................................................................................................ 239 
Curriculum vitae and publications ......................................................................................... 245 
 
Appendix 1 Vegetation tables ............................................................................................. 254 
Appendix 2 List of Natura 2000 species and habitat types in reported from the Serra  
da Estrela ......................................................................................................... 273 
Appendix 3a  Assessment of the Conservation Status of habitat types in the Serra da  
Estrela and in Portugal; habitat types dependent on agriculture; the  
occurrence of Natura 2000 habitat types in various environments in the  
Serra da Estrela ................................................................................................ 275 
Appendix 3b The occurrence of Natura 2000 plant species in various environments in  
the Serra da Estrela .......................................................................................... 278 
Appendix 4  Additional remarks on some syntaxa............................................................... 279 
7 
 
Abstract 
 
The aim of this thesis is (1) to extend the knowledge of Natura 2000 habitats in Portugal, and 
(2) on the basis of the improved knowledge-base, to identify a management framework to 
maintain, or where needed, to ameliorate the conservation status of the habitat types in the 
studied Natura 2000 site Serra da Estrela. The assumption is that the results from this work 
will also be relevant to other European Natura 2000 sites. 
According to the European Commission, throughout Europe only 17 % of all habitats listed in 
the Habitats Directive are considered to be of favourable conservation status, with the figure 
for habitats associated with agriculture as low as 7 %. These figures are even lower in the 
Mediterranean region, where in particular a lack of knowledge prompted some southern 
member states (e.g. Portugal) to report high percentages of parameter assessments as 
‘unknown’ so that the reported figures are flawed. 
To fill knowledge gaps the approach was to single out both aquatic and terrestrial habitats, 
including both natural habitats and habitats associated with agriculture (semi-natural habitats). 
This led to the selection of four out of seven inland habitat groups as distinguished in the 
Habitats Directive, i.e. ‘Fresh water habitats’, ‘Temperate scrub’, ‘Sclerophyllous scrub’ and 
‘Rocky habitats’. As habitats consist of syntaxonomic components, a phytosociological 
approach was used and a comprehensive analysis was carried out of vegetation types within five 
syntaxonomic classes, each of which represents an important building block of a habitat type 
within a habitat group. In order to find measures to adequately manage Natura 2000 habitats, 
the impacts of major historic and current land-use changes on habitat groups in the Serra da 
Estrela were analysed by combining and (re-)interpretating available palynologic, archaeologic, 
historic, socio-economic, and political-administrative information. 
The fieldwork produced 459 phytosociological relevés, which with minor exceptions, can be 
clustered into 21 syntaxa and translated to nine different habitat types. Further information was 
acquired on ownership, distribution and associated land use, which all are required for an 
adequate conservation status assessment.  
The new data were combined with existing information in order to assess the conservation 
status of Natura 2000 habitat types. The result of this exercise revealed that 32.5 % (13 out of 
40) of all habitat types reported for the area are in a favourable condition, and, with regard to 
types depending on agricultural management, the figure is 55.5 % (5 out of 9 types) 
demonstrating that the situation in the Serra da Estrela is much more favourable than in Europe 
as a whole. 
The research provides an explanation as to why these percentages remain favourable and why a 
drastic drop in these figures can be expected in the future. To find options to counteract the 
expected decline, the impacts of six possible land-use scenarios under changing socio-economic 
conditions are analysed and perspectives for preventing land abandonment and wildfires are 
proposed. The conclusion is that continued traditional farming combined with natural forest 
development, are expected to be the best means for maintaining and where needed, improving 
the conservation status of all habitat types.  
The question is how to ensure continued traditional farming and how to initiate forest 
restoration under present societal conditions. The conclusion is that subsidies are needed, but 
that, without a socio-economic basis, there is no long-term future for this scenario. This 
problem may be solved by breathing new life into the tradition of commons. Possible solutions 
are sought in valorising ecosystem services and revaluing management of the commons. A 
preliminary model of Natura 2000 as a ‘new common’ is discussed taking into account 
cooperation of private and public stakeholders. The design of ‘eco-districts’ is recommended, 
since biodiversity, ecosystem services potentials, global changes in climate and in socio-
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economics, all have different ramifications in situ, and ask for tailor-made measures at a 
regional scale. 
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1. Introduction 
Section 1.1 identifies research questions regarding Natura 2000 and the current crisis in 
European nature policy. Section 1.2 postulates a statement and proposes the objectives of the 
thesis. Section 1.3 centres on the relationship between agriculture and Natura 2000 and 
section 1.4 focuses on current controversies regarding Natura 2000, illustrating the need for a 
multidisciplinary approach to the issues. Following the European angle in sections 1.1 to 1.4, 
the focus in the next paragraph (1.5) changes to the selection of the Serra da Estrela in 
Portugal as a study area and in 1.6 to gaps in the knowledge of local vegetation, species and 
Natura 2000 habitats. In section 1.7 an outline of the thesis is given, followed by general 
ecological information on the study area (Box 1). 
 
1.1 Can Natura 2000 counteract sufficiently the loss of biodiversity? 
 
In order to protect nature in Europe the EU set up the Birds Directive in 1979 (Directive 
79/409/EEC) and the Habitats Directive in 1992 (Directive 92/43EEC) as a basic legislative 
framework and an institutional arrangement that enables the establishment of Natura 2000, the 
network of protected areas across the member states of the European Union. The Habitats 
Directive requires EU countries to designate Sites of Community Importance (SCI’s) and 
Special Areas of Conservation (SAC’s) for biotopes and to institute adequate conservation 
measures for all habitats and species that are listed in the Annexes of the Directive. SAC’s are 
chosen from the SCI’s by the Member States which designate the SAC’s by an act assuring 
the conservation measures of the natural habitat (EC 2011a). The Birds Directive relates to the 
designation of Special Protection Areas (SPA’s) for the conservation of bird species. 
According to the Directives, the SCI’s and SPA’s should support the best examples of the 
habitats and species listed in the annexes of the directives. Since the establishment of the 
directives, amendments have been made and as new member states entered the EU, the 
numbers of habitats and species were extended (EC 2011a,c). Currently the Annexes of the 
Habitats Directive include approximately 1180 plant and animal species and 231 habitats; the 
Birds Directive 193 bird species (EEA 2010). 
Meanwhile, Natura 2000 has become the largest coherent network of protected areas in the 
world (EC 2011b). To date, 13.7 percent of Europe’s terrestrial territory has an SCI 
designation and 11.4 percent an SPA designation (Sundseth 2010). Over 5,000 SCI’s and 
22,500 SPA’s have been designated according to the directives either in their entirety or 
partially. Due to this overlap between sites from both directives it is not possible to combine 
the numbers for SCI’s and SPA’s to get an overall figure for Natura 2000. It is estimated that 
the Natura 2000 network represents around 18 % of the EU’s terrestrial territory (EC 2011b). 
The European Economic and Social Committee has acknowledged that despite these 
legislative measures and numerous other conservation actions, biodiversity in Europe 
continues to decline and the 2001 political promise (COM 2001) to halt the loss of 
biodiversity by 2010 and to ensure that lost habitats are restored, has not been achieved 
(EESC 2010). 
Under Article 17 of the Habitats Directive, member states of the EU must submit information 
on how the Directive is being implemented every six years to the Commission. For the 
reporting period 2001 to 2006, member states - for the first time - provided detailed 
assessments on the conservation status of those habitat types and species listed in the 
Directive which are found within their territory. The outcome was that only 17 % of the listed 
habitats and species had a favourable conservation status (ETC/BD 2008a, COM 2009a). 
Habitat types associated with agriculture had an even worse conservation status, with only 7 
10
Chapter 1
11 
 
% of the assessments being favourable, compared to 21 % for ‘non-agricultural’ habitats. The 
situation is particularly bad in the Atlantic region where none of the habitats associated with 
agriculture were assessed as favourable. The Atlantic region has the highest pressure on 
agricultural land and includes some of the most intensively farmed areas within the EU. These 
habitats are in decline because they are connected to traditional forms of agriculture that today 
lack an economic basis (Section 1.3). It is therefore necessary to find new ways of reconciling 
agriculture with habitat and species conservation and to value the potential ecosystem services 
provided by farmers. 
In the Mediterranean region, the percentage of favourable assessments for habitat types 
associated with agriculture was also very low at 3 %. However, the situation in the 
Mediterranean region is complicated by the very high percentage of assessments reported as 
‘unknown’. Overall, some 13 % of regional habitat assessments and 27 % of regional species 
assessments were reported by member states as ‘unknown’ and separate characteristic 
parameter assessments of habitats may mount to over 50 %, for example, the presence of 
‘typical species’ in Portugal (ETC/BD 2008a,b,c). The number of ‘unknown’ classifications 
was particularly high for species found in the countries of southern Europe, with Cyprus, 
Greece, Spain and Portugal all indicating ‘unknown’ for more than 50 % of the species 
reported in their territories (COM 2009a). 
In order to monitor and assess whether or not the objectives of the Habitats Directive or other 
governmental aims are met, it is clearly necessary to establish a scientific baseline which fills 
the knowledge gaps regarding habitats and species as well as developing a consistent 
monitoring network (COM 2010a, Jansen 2002b, 2004, 2005d, 2007b). 
As a follow-up to its policy of halting the loss of biodiversity by 2010, the European 
Commission is developing a new long-term EU vision and a target for biodiversity in which 
the concept of ecosystem services will play an important role (COM 2010a). According to the 
European Commission, research needs to be stepped up to fill key knowledge gaps related to 
the economics of biodiversity and ecosystem services. Ecosystems, whether natural or semi-
natural, provide numerous services which have economic, ecological and social dimensions, 
and which require to be identified and classified (Benneth & Balvanera 2007, Constanza 
2008, Hassan et al. 2005, Shmelev 2010, TEEB 2010). In 2008 a preliminary assessment of 
the economic impacts associated with losing natural capital was provided by a study hosted 
by the UN and supported by the European Commission, Germany, UK, Norway, Sweden, The 
Netherlands and Japan (TEEB 2008). The report of this study, entitled ‘The Economics of 
Ecosystems and Biodiversity’, outlines the cost of policy inaction and finds that under a 
‘business as usual’ scenario, natural capital loss would lead to a loss of ecosystem services 
worth in the order of US $ 2.0 - 4.5 trillion over a 50 year period. As a rule of thumb the 
annual loss of ecosystem services in the world is estimated equivalent to €50 billion, while by 
2050, the cumulated welfare losses are estimated equivalent to 7 % of annual consumption 
(Braat & Brink 2008, COM 2009b). It has to be noted that this is a welfare loss, not a GDP 
loss, as a large part of the ecosystems benefits is currently not included in GDP (Braat & 
Brink 2008, TEEB 2008). Moreover, this is a conservative estimate and refers to land-based 
ecosystem services only. The current decline in biodiversity and loss of ecosystem services is 
expected to continue and even accelerate. 
In order to prevent a further decline, the European Commission proposes an evidence-based, 
integrated approach that focuses on addressing the main pressures exerted on biodiversity and 
ecosystem services such as land-use change, over-exploitation, invasive species, pollution and 
climate change. Sub-targets will need to be devised for each kind of pressure, sector or 
ecosystem, combined with cost-effective action at the appropriate level of intervention to 
deliver the desired results. The European Commission recognises that action and 
11
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implementation will be needed at multiple scale levels from global to local, which will require 
an effective governance framework involving all actors concerned at different levels (COM 
2010a). 
At least five striking issues emerge from the communication report of the European 
Commission (COM 2010a): 
 
1. The high percentage of conservation assessments classified as „unknown‟. 
2. The bad condition of habitats and species associated with agriculture. 
3. The importance of ecosystem services. 
4. The need for a multiple scale approach. 
5. The requirement of effective governance frameworks. 
 
1.2 Objectives and approach 
 
This thesis addresses the question of how to achieve the objective of the Habitats Directive 
and honour the promise of the European Commission to halt the loss of biodiversity by 
focusing on the major issues identified in section 1.1, i.e. (1) clarifying gaps of knowledge of 
the habitats with extra attention being paid to habitats associated with agriculture and (2) how 
habitats and species in Natura 2000 sites may be maintained under changing socio-economic 
conditions by acknowledging the importance of ecosystem services, including their economic, 
ecologic and social dimensions. 
Both issues will be explored within a specific study area, the Serra da Estrela, a mountain 
region in Central-Portugal with both Atlantic and Mediterranean influences. This is both one 
of Europe‟s biodiversity hot spots and one of the few remaining fairly intact landscapes in 
Western-Europe with, next to a range of natural habitats, a multitude of semi-natural habitats, 
which still reflect traditional agricultural practices (Section 1.5, Box 1). 
The first issue, i.e. clarifying knowledge gaps, is tackled by botanical research, including 
taxonomy and syntaxonomy, both of which represent important pillars for the European 
Habitats Directive and its Annexes (e.g. Evans 2006). The approach is to sample habitat groups 
that represent both aquatic and terrestrial ecosystems and to both include natural habitats and 
habitats associated with agriculture (semi-natural habitats). This leads to the selection of four 
groups out of the seven groups of inland habitats distinguished in the Habitats Directive, i.e.: 
„Fresh water habitats‟, „Temperate heath and scrub‟, „Sclerophyllous scrub‟, and „Rocky 
habitats and caves‟. Within these groups habitat types well represented in the study area have 
been selected. The point of departure is the analysis of syntaxonomic units, which are used in 
the Habitats Directive to characterize habitat types. It was decided to study those syntaxonomic 
units which are enclosed within a single class, that as a whole, constitutes an important building 
block of one or more habitat types within a habitat group. Five classes that meet that criterion 
were selected out of the 44 classes reported for the area: Pino-Juniperetea (Chapter 2, 3 ,4), 
Calluno-Ulicetea (Chapter 4), Thlaspietea (Chapter 5), Isoëto-Littorelletea (Chapter 6) and 
Isoëto-Nanojuncetea (Chapter 6). Pino-Juniperetea are linked to „4060 Alpine and subalpine 
heaths‟, „4090 Endemic oro-Mediterranean heaths with gorse‟, and „5120 Mountain Genista 
purgans formations‟; Calluno-Ulicetea to „4030 Dry heaths‟, Thlaspietea to „8130 Western 
Mediterranean screes‟, Isoëto-Littorelletea to „3130 Oligotrophic to mesotrophic standing 
waters‟, and Isoëto-Nanojuncetea to „3170* Mediterranean ponds‟. 
The syntaxonomic units are analysed with attention focused on floristic composition, 
syntaxonomy, synecology, and associated land use, which can all be used for the assessment 
of the favourable conservation status of habitat types as required by the Habitats Directive 
(EC 2011d). Regular taxonomic and phytosociological methods are used and field sampling 
12
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includes bryophytes and lichens which is a rather unusual approach in phytosociological 
investigations in the Iberian Peninsula. 
The second objective of this thesis, i.e. searching new ways for sustainable management of 
Natura 2000 habitats, is approached by collecting, combining and (re-)interpreting available 
information on land use, organisation models, the physical-geographic and societal 
conditions, and their impacts on habitats, based on developments from the Last Glacial until 
the present day. Data, which may widely differ in detail, have been gathered from various 
sectors and disciplines, including palynologic, archaeologic, historic, socio-economic, and 
political-administrative sources. 
Next, the conservation status of all Natura 2000 habitat types reported for the Serra da Estrela 
are assessed based on the collected information, and compared to the conservation status of all 
habitat types reported for the European situation (ETC/BD 2008a). The outcome of this process 
is used to assess current and expected changes of habitats, related to changes in land use and 
social-economic conditions, changes in climate, in institutional arrangements, and in legislation. 
The aim of this assessment is to provide a preliminary regional model to anticipate 
globalisation processes and to reconcile biodiversity conservation with socio-economic 
developments, which in this thesis will be considered a sine qua non to reach Natura 2000 
objectives. 
In other words, taking the study area as an example, the hypothesis is advanced that Natura 
2000 as an institutional arrangement, can only be efficient in halting the decline of habitats 
and species in (previously) farmed semi-natural habitats on the long term, if the required 
socio-economic base to maintain these habitats is provided. 
 
1.3 Biodiversity and agriculture in Europe: a separate pair and a pair of inseparables 
 
The emphasis in this thesis on semi-natural, farmed, habitat types is not an incidental choice. 
In prehistoric times biodiversity depended on natural processes only, but after the emergence 
of farming, plant and animal species in Europe became more and more dependent on the 
open, semi-natural habitats created by agricultural activities. Landscapes came into being 
which supported a mosaic of habitats favouring diversity of flora and fauna across Europe 
(Krzywinski et al. 2009). Now most of the rural areas in Europe are shaped by agriculture and 
it is estimated that 50 percent of all species in Europe depend on agricultural habitats 
(Kristensen 2003). Since the 1950‟s there has been a marked decline in biodiversity across 
European farmland (Paracchini et al. 2008). Due to economic reasons, by the end of the 19th 
century traditional infield-outfield farming, transhumance, and other extensive agricultural 
systems had already started to decline in large parts of Europe (Box 2). These systems lost 
their economic competitiveness mainly due to technological inventions such as chemical 
fertilisers and the rise of intensive agriculture in other parts of the world (Smout 2000). Huge 
areas of formerly infertile land, which were used as outfields were afforested or brought into 
agricultural production by technological advances. The organisation of land use also began to 
change and large tracts of common land (Box 3) in Western Europe were converted into 
private or public land. As a result the biodiversity and habitats, which are closely linked to the 
farming systems associated with commons, changed as well. 
Important parts of the European Natura 2000 sites are situated in areas that were formerly 
used for grazing and managed as commons (Schrijver et al. 2011). As for biotopes, in 2004 17 
% of the terrestrial Natura 2000 network was made up of Annex I habitats dependent on 
extensive farming, with Portugal having the highest score of more than 25 % (EEA 2006). 
According to the European Commission the conservation status of all the habitat types 
associated with agriculture is significantly worse than that of other types of habitat. While in 
13
General introduction
14 
 
parts of the EU the explanation is related to a shift towards more intensive agriculture, in 
other areas, land abandonment and the absence of management is the underlying reason for 
the decline in conservation status (COM 2009a, ETC/BD 2008a).  
Rapid growth of agricultural output was accelerated by the European Common Agricultural 
Policy (CAP) introduced in 1962, after the founding of the common market in 1957. Demand 
for food increased primarily in the expanding urban areas where the bulk of population 
growth took place (REP 2008). Consequently, production intensified near these densely 
populated areas. Agriculture in the sparsely populated parts of Europe could not compete and 
here land abandonment occurred. While in 1950 many European countries had more than 50 
% of their employed population working in agriculture, 50 years later the majority of the 
countries have less than 10 % working in that sector (Blacksell 2010). Still a major part of the 
rural European country-side is controlled by the agricultural sector and the way the sector 
develops is therefore of great importance for the future of the European environment 
(Blacksell 2010). 
The CAP has been successful in securing food supply, but it has among other factors 
unintentionally been also a major driving force behind the decline of biodiversity and the 
decrease of other positive externalities such as cultural heritage and water resources, in many 
parts of Europe (REP 2008). The demand for food continues but also a demand for a range of 
other environmental goods and services which are required to meet the modern demands for 
sustainable natural and human resource management (Hassan et al. 2005). Therefore the 
future CAP will aim for 1) viable food production, 2) sustainable management of natural 
resources and climate action and 3) balanced territorial development (COM 2010b). 
High yielding agriculture appears to be detrimental to biodiversity but paradoxically while 
yields continue to increase on existing agricultural land, modern agricultural technologies can 
make a significant contribution to biodiversity conservation because less farmland is then 
required. Abandonment of intensively used farmland may also provide opportunities to 
develop semi-natural biotopes such as low production grasslands, shrublands and forests for 
conservation purposes (Green et al. 2005, COM 2008a, ELO 2009). As a result of 
technological innovations most of the food needed in the EU can now be produced on a 
relatively small area of farmland (REP 2008, PBL 2010). As a result large agricultural areas, 
some of which had previously expanded with the aid of chemical fertilisers, and others 
(mainly mountain areas) which were never suitable for intensification, now become available 
for other functions. In The Netherlands, a country where large areas of heathlands were 
converted into highly productive grasslands and arable lands (with the aid of chemical 
fertilisers) or where remaining nutrient-poor biotopes (e.g. heathlands, moors, fens) suffer 
from atmospheric N-deposition from intensive husbandry, restoration projects - with variable 
success - are in full swing (Kardol 2007, Melman et al. 2008, Provincie Noord-Brabant 2009, 
PBL 2010). 
 
1.4 Natura 2000: balancing between interests in a changing world 
 
The Natura 2000 network is generally considered to be a step forward in counteracting the 
loss of biodiversity in Europe but at the same time it is a root of discord since there is 
controversy around the question of whether it is a step forward or backward in prosperity 
growth for the local and regional population. At present in The Netherlands there is a public 
debate in the media about the balance between pure conservation interests and human 
interests in Natura 2000 areas (e.g. Balkenende 2009, Janssen 2010, Leferink 2010, 
Marijnissen 2010, Rosenberg 2009). Some political parties maintain that legislation related to 
Natura 2000 is too strictly applied, that nature management has become too much book 
14
Chapter 1
15 
 
keeping and that tuning interests of all stakeholders is out of balance. The discussion 
illustrates the shift that nature policy in The Netherlands is undergoing from an ecological 
focus to a combination of an ecological and a societal focus, a process described as the 
‘societalisation’ of nature policy (Buijs 2009). Clearly nature protection cannot be developed 
independently of the interests of society at large. All over Europe conflicts between 
stakeholders with different interests arise, often related to conservation objectives on the one 
hand and economic interests on the other. The issue of conflicts about the Habitats Directive 
has been suggested as a priority object for further research (Grant et al. 2008, Young et al. 
2005, 2009). A major question is not only whether Natura 2000 is a burden or an opportunity 
for sustainable economic growth (Jansen 2009a) but whether it can become a burden to itself, 
i.e. become contra-productive by applying rules too strictly without consideration of the 
socio-economic interests at stake, thus having adverse effects on the conservation status of 
species and habitats protected under the Habitats Directive. This happened in the case of the 
Sintra-Cascais Natura 2000 site in Portugal where in an area along the coast invasive species 
still continue to destroy Natura 2000 habitats after an initiative to prevent this process was 
blocked by the authorities (Jansen 2001a, 2002c, 2005b, 2008b). Applying Natura 2000 
legislation too strictly can indeed negatively affect both conservation interests and business 
opportunities, thus throwing the baby out with the bathwater (Jansen 2008b, Jansen 2009b). A 
more creative way of dealing with different interests was applied in a corridor zone between 
two Natura 2000 sites in The Netherlands where conservation efforts and public-private 
interests were integrated under the direction of the provincial administration (Jansen 2001b). 
There seems to be a need to change from a traditional sector-centered approach to new 
approaches that involve cross-sectoral co-ordination and the integration of environmental and 
social concerns into all development processes, as was already recognised in Agenda 21 (UN 
1992). Indeed, consulting various disciplines is an essential approach for complex and 
interlinked social-ecological system issues which require a mindset shift such as the growing 
disparity between nature and human society (Jahn et al. 2009, Munasinghe 2001, Nave 2009). 
 
1.5 Selection of the study area 
 
The Serra da Estrela, a mountainous area in South-West Europe where the Temperate and the 
Mediterranean climates meet, and a Natura 2000 site, provides an ideal location for studying 
current issues in relation to achieving the objectives of the Habitats Directive. The Serra da 
Estrela is deemed to be a biodiversity hot spot with habitats and species that are considered 
characteristic for the Atlantic or the Mediterranean biogeographical region (Box 1). In the 
Serra da Estrela almost two-thirds (7 out of 11) inland habitat types for which Portugal as a 
member state of the EU has special responsibility (ICN 2006) occur, demonstrating the 
relative importance of the Serra da Estrela in the European Natura 2000 network.  
As was noted earlier, implementation of the Habitats Directive in the Mediterranean region is 
complicated by the very high percentage of assessments reported as being ‘unknown’ 
(ETC/BD 2008a, COM 2009a). This also makes the Serra an ideal study area.  
Habitats associated with agriculture and traditional land-use systems can be studied in optimal 
forms in the Serra da Estrela. At first sight many semi-natural habitats of high quality remain 
in a fairly intact landscape. This makes the area of interest for investigating the past 
underlying management practices.  The area can act as a reference for the fragmented 
landscapes and deteriorated habitats associated with agriculture elsewhere in Europe where 
restoration is needed, in particular in the Atlantic biogeographic region. In this region none of 
the habitats associated with agriculture were assessed as having a favourable conservation 
status while in the Mediterranean which this site also represents, only 3 % of the assessments 
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were favourable. The Serra da Estrela is also subject to local climatic variations, which make 
the area suitable for detecting early signals of effects of climate change. 
Recent changes in the Serra da Estrela such as the collapse of traditional agro-pastoral 
systems, the outbreak of wildfires, and increased access indicate that adaptive management is 
needed to comply with the Natura 2000 objectives. From an economic viewpoint it is clear 
that traditional-low or moderate-yield farming systems are less competitive if continued in 
areas suitable for high-yield farming, but - especially in a multifunctional context - can be 
rewarding in economically marginal areas, i.e. mountains such as the Serra da Estrela and 
other sparsely populated areas in Europe, some of which are designated Natura 2000 sites. 
This thesis will explore the adaptive capacity of the site to counteract the effects of the above 
changes by focusing on the synergy of the ecological, economic, and social dimensions of 
ecosystem services.  
  
1.6 Knowledge gaps in the ecosystem components of the Serra da Estrela 
 
As noted before the conservation status of a large number of EU habitats and species has been 
assessed as ‘unknown’, especially in southern countries. This is not surprising as these countries 
also cover a large number of habitat types and species. In the case of the Serra da Estrela Natura 
2000 site for instance, the number of reported Natura 2000 habitats is higher than the number of 
inland habitats that occur in The Netherlands, i.e. 40 against 35. For Annex II and/or IV fauna 
species these numbers are 58 against 56 respectively, while the numbers for plant species are 
the most striking: 16 for the Serra da Estrela against five for The Netherlands (Appendix 2, 
Janssen & Schaminée 2003, 2008). Still, the total area of Natura 2000 in The Netherlands is 
more than eight times of the Serra da Estrela, i.e. 7,508 km2 (excluding marine habitats) 
compared to 883 km2 (CIRCA 2008b, RCM 2008).  
The floristic studies of the Serra da Estrela started with Clusius in the sixteenth century, 
followed by Tournefort in the seventeenth century (Henriques 1883, 1889, Tavares 1945). 
During successive centuries many other well-known botanists were attracted by its particular 
flora making it a famous locus classicus in taxonomy (Garcia 2001, Jansen 2002a, Pinto da 
Silva & Teles 1980). 
The inventory of the Park Natural Serra da Estrela, made in the context of Natura 2000 
(Jansen 1997), signaled problems concerning the definition of the Corine habitat types, Natura 
2000 habitat types, and the identification of Annex species and called for further examination. 
The explanation for the incomplete knowledge of the flora of the Serra da Estrela must be 
mainly looked for in the inaccessibility of the mountain, its remoteness, and the unfinished 
Flora Iberica of which presently three-quarters has been completed (Plano Editorial Flora 
Iberica 2011). Until recently, the last completed floras dated from over half a century ago 
(Coutinho 1939, Sampaio 1947). It was only in 2003 that the Flora Nova de Portugal was 
finished (Franco 1971, 1984, Franco & Rocha Afonsa 1994, 1998, 2003). However, Flora Nova 
de Portugal is a free translation and adaptation of Flora Europaea (Tutin et al. 1964-80), which 
is also incomplete as demonstrated by the first revision of volume 1 (Tutin et al. 1993), which 
yielded a 10 % increase of new taxa (Euro+Med PlantBase 2010). Meanwhile, the bryophyte 
flora of the Serra has been comprehensively studied (Garcia 2001, Garcia et al. 2008) as well 
as the lichen flora above the 1,600 m contour line, yielding more than 250 species (Van den 
Boom & Jansen 2002). A comprehensive study of lichens at lower altitudes is still lacking as 
well as a study on fungi for the entire Estrela. 
Many syntaxa have not been studied adequately in relation to the Serra da Estrela. Thus far 44 
syntaxonomical classes have been observed. A comprehensive list has been published in 
Jansen (2002a). Of those only seven have been studied rather in depth (including the five 
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addressed in this thesis). In addition 24 classes have been insufficiently studied and 13 have 
not been studied at all. 
In Portugal the application of phytosociology to environmental assessments was only initiated 
in the 1980‟s. During the last decade of the 20th century phytosociology was much developed as 
a science in Portugal, stimulated both by the Associations of Phytosociology in Portugal 
(ALFA) and Spain (AEFA) and as a result of financial support for the classification of sites with 
Special Conservation Interest within the framework of Natura 2000 (Costa 2004, Díaz González 
2004, Espiríto Santo 2004).  
The first syntaxonomical study for the Serra da Estrela was carried out by Braun-Blanquet et al. 
(1952) who at the same time called for strengthening research on Estrelean vegetation. Despite 
the studies by Braun-Blanquet et al. (1956, 1964), Malato-Beliz (1955), Duvigneaud (1962), 
Rivas-Martínez (1974), Rivas-Martínez & Saenz de Rivas (1979), the list of plant associations 
for the Serra da Estrela was hardly extended until the study by Rivas-Martínez (1981b). Even 
after his comprehensive study however, the number of respective relevés remained rather 
limited. Moreover the problem is that not only did a number of vascular plants remain 
unmentioned, but so, (as became clear from the research for this thesis) did a much larger 
number of lichens and bryophytes. The overview of Pinto da Silva & Teles (1980) did not 
extend either the list of plant associations or the number of published relevés, but did provide 
additional information on the general floristic composition of the major plant associations. 
 
1.7 Outline of the thesis 
 
The aim of this thesis is (1) to contribute to the knowledge of Natura 2000 habitats in the 
Serra da Estrela ecosystem, (2) to analyse effects of major historic, present and anticipated 
land-use systems on those Natura 2000 habitats present in the area, in order (3) to identify 
possible tools and opportunities for sustainable natural resource management in the Estrela 
under changing land-use conditions triggered by socio-economic and political-administrative 
requisites, which (4) may also be used in comparable areas elsewhere in Europe. 
In the first chapters a fairly classical approach is used with the investigation focusing on 
species, on vegetation, and on the landscape. The major disciplines used are within the 
conventional field of natural sciences such as classification science (taxonomy, 
syntaxonomy), climatology, geology, soil science, and hydrology. In the following chapters 
the main thread is management as the focus shifts to the field of social sciences (archaeology, 
history, geography, demography, economy, sociology, and political science). The research 
integrates various sectors and disciplines. For the different disciplines available data differ 
widely in the detail of information but together nonetheless contribute to a better 
understanding of the interactions between the regional ecosystem, the economy and the 
increasingly complexity of the governance. To place this research in a larger context and to 
provide insight into the relationship between biodiversity, land use, ownership, and 
management, three boxes containing background information are included.  
Part 1 Filling knowledge gaps concerning Natura 2000 habitats 
 
Chapters 2 to 6 deal in one way or another with knowledge gaps pertaining to Natura 2000 
habitats. Chapter 2 examines the taxonomic status of one new plant species addition to the 
flora of Portugal, as well as its ecology, origin and conservation. Chapter 3 deals mainly with 
two species of which one is a new bird species to the avifauna of Portugal and the other the 
dominating plant species of a shrubland vegetation which has its only Portuguese occurrence 
in the study area. Emphasis is laid on syntaxonomy, vegetation ecology and management. As 
far as is known, this represents the first time the method of deductive syntaxonomy sensu 
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Kopecký & Hejný (1978) has been applied on the Iberian Peninsula. Chapter 4 represents a 
preliminary syntaxonomic survey of heathland (Calluno-Ulicetea) and Dwarf juniper 
vegetation (Pino-Juniperetea) in the upper parts of the Serra da Estrela. One plant association 
has been studied in more detail, including its cryptogams, in order to extend the classical 
description in which the cryptogams were neglected. Floristic composition and variation, 
synecology, topographic situation, and management are all dealt with. Chapter 5 covers a 
comprehensive syntaxonomic survey of the vegetation of siliceous screes (Thlaspietea) in the 
upper parts of the Serra da Estrela. All plant communities are discussed with respect to 
floristic composition, syntaxonomy, synecology and distribution. Chapter 6 offers a 
comprehensive survey of the vegetation of shallow waters (Littorelletea) and seasonally 
inundated habitats (Isoëto-Nanojuncetea) in the upper parts of the Serra da Estrela. All 
vegetation units are described and discussed with respect to floristic composition, 
syntaxonomy, synecology, and distribution. General information on conservation 
management is given. 
 
Part 2 New avenues to halt the loss of biodiversity 
 
Chapter 7 offers a view on the Serra da Estrela as a major crossroads in Portugal‟s interior 
ecological network, where the Temperate and Mediterranean climate meet in an open 
mountain landscape originating from heathland-based farming systems. It notes the decline of 
the agro-pastoral system and the possible consequences for the open landscape and its rich 
variety of semi-natural biotopes and species which are currently protected under European 
legislation. It provides a rationale to conserve the open landscape and suggests the advantages 
of an integrated platform of stakeholders to deal with the social, ecological and economic 
aspects of future development. Chapter 8 concentrates on the infield-outfield farming system 
and presents suggestions to conserve landscape, semi-natural habitats and related cultural 
features in the study area. Benefits of the traditional agro-pastoral systems are discussed. 
Chapter 9 assesses the developing anomalies between the objective of biodiversity 
conservation and the changing socio-economic conditions. An integrative multi-disciplinary 
approach based on data from the literature is used to examine the evolution of habitat groups 
and to analyse how these have been affected by major drivers of change since the Last Glacial 
until the present day. The actual occurrence of all reported Natura 2000 habitats and Annex 
plant species in the Serra da Estrela, in environments under different land-use regimes is 
estimated. The conservation status of all Natura 2000 habitats in the Serra da Estrela is 
assessed and compared with those of Portugal and Europe as a whole. Special attention has 
been paid to habitats which are generally considered to be dependent on agricultural 
management. 
In Box 1 general information is provided on biodiversity, biotopes and the physical nature of 
the study area. Box 2 gives a comprehensive background to the history of land use in the 
Serra da Estrela and the major cultural and socio-economic developments. It demonstrates 
that changes in landscape and habitats after the arrival of humans were always related to 
changes in land use in interplay with conditions set by climate and cultural and economic 
developments including changes in property-regimes and politics, as well as globalisation. 
Box 3 describes the history of commons in Portugal and the Serra da Estrela and compares 
land ownership, land use and management of Natura 2000 habitats in order to propose options 
to reconcile Natura 2000 objectives with the economic developments. 
 
Part 3 Synthesis 
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Chapter 10 discusses the outcome of the previous chapters and provides major conclusions 
and recommendations for further research. 
  
 
Juniperus communis subsp. alpina  in front and the summit (Torre) at the horizon  
 
Sheep (Serra da Estrela breed) at the summit area 
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Box 1 
 
Biodiversity, biotopes and physical nature of the study area 
 
A major part of Europe’s biodiversity is found in southern Europe and the Mediterranean basin 
is the only European biodiversity hotspot that is listed in the top 25 hotspots in the world 
(Hobohm 2000, Myers et al. 2000). The Iberian Peninsula has one of the richest floras of 
Europe with an estimated number of 7,500 to 8,500 taxa (Castroviejo 1995, 1997, Moreno Saiz 
& Sainz Ollero 2002). Serra da Estrela is considered one of the Peninsula’s major centres of 
endemic and narrowly distributed plant taxa (Davis et al. 1994, Médail & Quézel 1997, Moreno 
Saiz & Sainz Olllero 1992). 
Although Serra da Estrela covers only about 1 % of the Portuguese continental territory, it 
comprises almost one third of the Portuguese flora, about two-thirds of the Portuguese 
bryoflora and a rich lichen flora (Van den Boom & Jansen 2002, Garcia et al. 2008, Jansen 
2002a). 
The Serra hosts at least a dozen strictly Estrelean endemic plant species and many Iberian 
ones. Within Portugal, about 70 plant species are restricted to the Serra.  
The fauna comprises approximately 40 mammal species, about 150 bird species (of which 
two thirds breed there), a rather limited number of fish species and some 30 amphibian and 
reptile species, of which one is a strictly endemic sub-species. In the Porto database of CIBIO 
about 2,500 invertebrate species have been listed, of which seven are strictly Estrelean 
endemic species (personal communication José Manuel Grosso-Silva 2010). A preliminary 
checklist of all plant species, mammals, nesting birds, herpetofauna and ichtyofauna can be 
found in Jansen (2002a). 
The Serra da Estrela (Fig. 1) is situated in Central Portugal and being the westernmost part of 
the Iberian Cordillera Central it constitutes the highest mountain of continental Portugal 
(1,993 m).  
According to Vieira et al. (2005) the regional geology is dominated by Hercynian granites 
(300 Ma) installed in a schist-metagreywacke sequence of Precambrian-Cambrian age (650-
500 Ma). In the course of time, tectonics, magmatism and weathering impacted upon the 
mountain range, which has been folded and uplifted and subsequently worn down and 
dissected by different forms of erosion (Ferreira & Vieira 1999, Ribeiro 1988, Vieira et al. 
2005). The folds with NW-SE axial plains are striking features. 
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Figure 1 Map of the Iberian Penisula with contour lines and location of Serra da Estrela (Vieira et al. 
2005) 
The geomorphology of the Serra da Estrela is for the greater part dominated by relict 
landforms and deposits of glacial and periglacial origin. Contemporary geomorphological 
dynamics in the higher mountain area (including pluvio-aeolian and periglacial processes) 
show complex interplay of processes resulting in polygenic phenomena (Vieira 2004). These 
geomorphological dynamics have an impact upon the present landscape, controlling certain 
vegetation patterns (Van den Boom & Jansen 2002, Jansen 1998, 2002a, Jansen & Vieira 
1998, Vieira et al. 2001). 
The geographic situation of Serra da Estrela and its piedmont areas coincides with the major 
Portuguese climatic and topographic divisions. These distinctive features have resulted in a 
complex eco-infrastructure with remarkable contrasts. As the Sistema Central in Spain 
separates Old and New Castile, so does the Serra da Estrela, part of the same range, present an 
effective barrier between the northern and southern parts of Portugal. Traditionally it was only 
along the coastal zone on the west, or by the Guarda Gate on the east that both parts of 
Portugal were easily connected. 
In the north, the region is influenced by the Temperate climate, in the south by the 
Mediterranean. The west of the area is affected by oceanic influences, the east by continental 
influences.  
High precipitation rates give rise to many springs and lakes and a large number of rivers have 
their source in the Estrela, such as the Mondego, the largest and longest Portuguese river that 
actually originates in Portugal and the Zêzere, the second longest and an important tributary to 
the Tagus. 
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The region is a major topographic axis in Portugal, dividing the northern mountainous region 
from the southern lower plains. 
The Serra is a crossroads of the two major European biogeographical regions (Euro-Siberian 
and Mediterranean) with several floristic realms and within its boundaries about ten different 
climax forest types potentially coincide (Costa et al. 1998, Jansen 2002a, Rivas-Martínez et 
al. 2004). 
Its overall position in the Iberian Peninsula, one of the most important European refugia for a 
range of flora and fauna, enabled the survival of species eliminated elsewhere in Europe 
during the Quaternary ice-ages. For several hundred million years the northwestern quadrant 
of the Iberian Peninsula was never submerged by oceans allowing for in situ longtime 
survival, speciation, and differentiation, resulting in a large content of endemics. The history 
of the Serra da Estrela together with its unique mountainous and geographic character, were 
responsible for isolation processes which continue to affect the differentiation of species, 
subspecies and varieties of both flora and fauna. 
 
 
Figure 2 Cross-section of the Serra da Estrela with at least five altitudinal variants (Design by A. Correia 
in Jansen 2002a) 
According to the bioclimatic classification of Rivas-Martínez (2004), based on both climatic 
and vegetation characteristics, two macrobioclimates meet in the area: Temperate and 
Mediterranean (see also Rivas-Martínez et al. 2000). 
Temperature and precipitation are strong determinants of vegetation and therefore within 
macrobioclimates, usually different variants, so-called thermo- and ombro-types, are 
distinguished. The vegetation of the Serra da Estrela reveals elements of seven altitudinal 
bioclimatic variants of which five are quite prominent (Fig. 2), but because of insufficient 
meteorological data and a lack of detailed knowledge of the vegetation, these variants cannot 
be exactly mapped. It is safe to say however, that within a few kilometres one may pass from 
cryogenic grasslands to evergreen laurel galleries and from meso-Temperate Pyrenean oak 
remnants to meso-Mediterranean Holm-oak groves. 
As a rule of thumb, the variants can be conveniently grouped into a lower, a middle and an 
upper belt, a division that has often been made in the past (e.g. Pinto da Silva & Teles 1980, 
Rivas Martínez 1981b). 
 
Lower belt 
Under fairly humid conditions, the potential natural vegetation of the meso-Mediterranean 
belt would mainly consist of evergreen or mixed evergreen deciduous oak forests dominated 
by Quercus suber and; under less humid conditions by Quercus rotundifolia. The potential 
natural vegetation of the meso-Temperate belt would mainly consist of deciduous oak forests 
(with evergreen elements) generally dominated by Quercus robur. More humid soils would 
have supported Fraxinus angustifolia forests and along the rivers in the valleys Alnus 
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glutinosa and Prunus lusitanica galleries. All climax forests have disappeared and have been 
replaced by various degraded formations as a result of human activities like burning, cutting, 
grazing, ploughing, forestation, and cultivation. Today only very small and incomplete 
fragments of the sub-natural forests remain. 
 
Middle belt 
The potential natural vegetation of the supra-Mediterranean belt would consist of deciduous 
or mixed deciduous evergreen oak forests with Quercus pyrenaica and Quercus rotundifolia. 
The potential natural vegetation of the supra-Temperate belt would mainly consist of by 
forests dominated by Quercus pyrenaica. In addition, under specific climatic and edaphic 
conditions (high precipitation, humid soils) both Betula celtiberica and Taxus baccata woods, 
sometimes mixed with Ilex aquifolium would be the final stage in spontaneous forest 
development. More humid soils would have supported Fraxinus angustifolia forests and along 
the rivers in the valleys Alnus glutinosa galleries. Of all these forests, except some small and 
incomplete remnants, have disappeared, mainly as a result of infield-outfield farming, live-
stock breeding and wildfires. 
Degradation of the original woodlands led mainly to heathlands, broom fields, or hedgehog-
heaths and further degradation to pioneer grasslands or in humid situations to bracken fields 
(Pteridium aquilinum). Through irrigation, grazing and hay-making various semi-natural 
grasslands evolved; Rye cultivation created rich weed communities. 
 
Upper belt 
The potential natural vegetation of the highest belt would mainly consist of Dwarf juniper 
formations (with or without Cytisus oromediterraneus or Pinus sylvestris) and thorn-cushion 
hedgehog-scrub of Echinospartum ibericum subsp. pulviniformis. Edapho-climactic 
vegetation includes rock, scree and bog communities, vegetation of small ponds, rivulets and 
lakes and perhaps some chionophilous (thriving under prolonged snow-cover) or frost-
tolerating grasslands. Some of these communities, especially those related to cryogenic 
processes, show similar characteristics as the cryoro-Temperate vegetation belts in the Sierra 
de Gredos and Montes de Léon in Spain. Burning and summer grazing still produce degraded 
phases including heathlands, Cytisus oromediterraneus broom fields, semi-natural grasslands 
and pioneer grasslands. 
 
Five major landforms 
Five major landforms can be distinguished in the Serra da Estrela, namely (1) a central 
plateau, (2) peaks and ridges, (3) the lower plateaux, (4) the slopes, and (5) the valleys and 
rivers. 
The central plateau (1) consists mainly of dwarf shrub formations, grasslands, rocks, and 
gravel communities, bogs, rivulets and lakes (Jansen 2002a). It has a long history of summer 
grazing (Box 2). Some species and plant communities are strictly endemic. 
The ridges and peaks (2) are generally windswept places which amongst others support 
endemic rock fissure vegetation types. Some of these areas are used for wind farms. 
The lower plateaux (3) are mainly covered with semi-natural biotopes, such as hay-meadows 
and other grasslands, broom fields, heathlands, (fallow) rye fields. In particular the lower 
plateaux areas present a well-preserved European example of an open semi-natural landscape 
shaped by traditional agricultural and sylvo-pastoral activities (Jansen 2005a, Chapter 7). 
The slopes (4) are important because they form a gradient from the higher parts to the lower 
parts of the mountain, i.e. from one vegetation belt to another and also from one 
biogeographic region to another (Jansen 2002a). The highest slopes (ca. 1,600-1,900 m) may 
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carry unique primary grasslands and scree communities with many endemic species, some of 
which are presumed to be of Tertiary origin (Chapter 5). There is a sloping zone (ca. 1,200-
1,600 m) with mainly degraded stages of various climax forest series. Here human pressure is 
moderate, including some forestation, but no permanent human settlement occurs. On gentle 
slopes agriculture may be practiced and numerous terraces have been constructed for the same 
purpose on steep slopes (Box 2). To continue descending below 1,200 m the main crops are 
rye and potatoes, and further down, the importance of olive groves, vineyards, orchards, and 
horticulture increases. From 1,200 to 800 m permanent human settlement is scattered. 
Moderate to strong human pressure is observed, including afforestation. From 800 m to the 
foot of the mountains, population densities increase and strong human pressure occurs.  
The valleys and the rivers (5) contain riverine forests, hay meadows, aquatic and riparian 
vegetation, and provide the overall water supply for the human population. They have also an 
important corridor function. The water is generally of high quality. Population density is 
highest here and crop-farming dominates. Some valleys and other low lying areas have by 
dam construction been transformed to water reservoirs for generating hydro-electric power as 
well as supplying water for irrigation in dry periods. 
 
Legal protection of flora, fauna and vegetation 
Serra da Estrela is administered by six municipalities that together cover ca. 2,730 km2 and 
currently have ca. 152,000 inhabitants (INE 2008). Serra da Estrela is largely covered by a 
natural park, Parque Natural da Serra da Estrela. The park was legally created in 1976 
(Decreto Lei 55/1976) and, after some juridical amendments, has a current surface area of ca. 
1,000 km2. In 1993, a central part of the area was designated as a European biogenetic reserve 
by the Council of Europe, underlining its unique character for speciation processes. In 2005, 
some 50 km2, including parts of the upper zone and Zêzere valley, were designated as an 
internationally important humid zone under the Ramsar Convention (Matos & Jansen 2005). 
In the year 2000, and partly based on the author‟s inventory (Jansen 1997), a large part of 
Serra da Estrela was legally included in the Natura 2000 network (Decreto Lei 76/2000) of 
Directive 92/43/CEE: Habitats Directive (RCM 2000). In 2003, Serra da Estrela was declared 
an important bird zone in Portugal, with code PT038 (Costa et al. 2003). The Natura 2000 
area (Code: PTCON0014) measures about 880 km2, of which at least 42 % is currently 
common land or land with a jurisdiction under the Forest Institute (Box 3, ERM 2008). In 
2005, the Habitats Directive was transposed into national law (Decreto-Lei 49/2005). The 
sectoral plan of Natura 2000 was approved in 2008 (RCM 2008) and the spatial plan in 2009 
(Box 3, RCM 2009). 
In 2001 about 20,000 people lived within the limits of the Natura 2000 area (ICN 2006). 
Appendix 2 of this thesis gives a list of 40 Natura 2000 habitats and 98 Annex species, 
reported from Serra da Estrela. 
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Chapter 2 
 
Some notes on Vaccinium uliginosum L. subsp. gaultherioides (Bigelow) 
Young, a new species to the flora of Portugal 
 
With Dr. Hans den Nijs (University of Amsterdam, Institure for Systematics & Ecology) and 
Dr. Jorge Paiva (University of Coimbra, Museu, Laboratôrio e Jardim Botânico). 
 
 
 
 
 
 
 
 
Vaccinium uliginosum subsp. gaultherioides in Juniperus alpina scrub at site 1 
 
 
 
 
 
 
This chapter is substantially similar to the paper: 
 
Jansen J, Den Nijs HCM & Paiva JAR 2000 Some notes on Vaccinium uliginosum L. subsp. 
gaultherioides (Bigelow) Young, a new species to the flora of Portugal. Portugaliae Acta 
Biologica 19: 177-186. 
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Abstract 
 
A few specimens of Vaccinium uliginosum L. subsp. gaultherioides (Bigelow) Young were 
discovered in the High Plateau of the Serra da Estrela. Taxonomic status of this new taxon to 
the flora of Portugal, as well as its ecology, origin, and conservation are discussed.  
Keywords: Vaccinium uliginosum subsp. gaultherioides, taxonomy, ecology. 
 
 
 
 
 
 
Vaccinium uliginosum subsp. gaultherioides in rock fissure at site 2 
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Abstract 
 
A few specimens of Vaccinium uliginosum L. subsp. gaultherioides (Bigelow) Young were 
discovered in the High Plateau of the Serra da Estrela. Taxonomic status of this new taxon to 
the flora of Portugal, as well as its ecol gy, origin, and conservation are discussed.  
Keywords: Vaccinium uliginosum subsp. gaultherioides, taxonomy, ecology. 
 
 
 
 
 
 
Vaccinium uliginosum subsp. gaultherioides in rock fissure at site 2 
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Introduction 
 
During phytosociological fieldwork on heathland and Dwarf juniper scrub in the Serra da 
Estrela (see Jansen 1994a), the first author discovered Vaccinium uliginosum L. subsp. 
gaultherioides (Bigelow) S.B. Young. Six years later he found a second site. 
This paper presents an analysis of some taxonomic, cytological, morphological and ecological 
aspects of this taxon.  
Material and methods 
Material was collected at site 1 (see Table 1) and cultivated in a greenhouse of the University 
of Amsterdam. Voucher material is deposited in herbarium AMD, nr. 114378. 
For the counting of chromosomes the following technique was employed. Root tips from 
potted plants in the greenhouse were collected and pretreated for 2-3 hours in saturated 
alfabromonaphtalene-water suspension, followed by fixation in Carnoy (acetic acid/absolute 
ethanol 1:3) for ca. 30 minutes. Materials were stored at –20 °C until further preparation. 
Upon chromosome examination root tips were macerated for 8 minutes in 1N HCl at 60 °C 
and stained in basic Fuchsin solution. After squashing the very root tips in 45 % acetic acid, 
cells were examined under Phase Contrast conditions.  
Relevés were made according to the French-Swiss school of Phytosociology (Braun-Blanquet 
1964, Westhoff & Van der Maarel 1973). 
Morphology, taxonomy, and distribution 
In the Flora Iberica, Vaccinium uliginosum L. is regarded as one taxon, including subsp. 
uliginosum and subsp. microphyllum (Lange) Tolm. (Villar 1993). The taxon occurs in the 
higher parts of the Pyrenees, Cordillera Cantábrica, Montañas de León, Sistema Ibérico and 
Central, and in the Sierra Nevada (Villar l.c.). By far the largest and most vital populations 
occur in the northern parts of the Peninsula. The species reaches its southern limits in the high 
massive of the Sierra Nevada, where it is was described by Boissier (1839-1845) as 
Vaccinium uliginosum f. nanum. 
In the Flora Europaea two subspecies of Vaccinium uliginosum have been recognised, namely 
subsp. uliginosum and subsp. microphyllum Lange (Popova 1972). The former refers to 
relatively large tetraploid specimens (n=24), the latter to relatively small diploid specimens 
(n=12), which are assumed to be the ancestor (Löve & Boscaiu 1966). 
However, Vaccinium uliginosum is not restricted to Europe. According to Young (1970) there 
are 5 subspecies throughout its range (i.e. circumpolar, extending southward into the 
temperate zone in coastal regions and mountainous areas, mapped in Young l.c.). Three 
subspecies would occur in Europe: pubescens, uliginosum, and gaultherioides. 
Vaccinium uliginosum subsp. pubescens (Wormsk. ex Hornem.) Young occurs in low arctic 
tundra and muskeg situations in northern Scandinavia and northern Russia. According to 
Young (l.c.) all known chromosome counts refer to n=24. It is a diffuse, stoloniferous shrub 
with pubescent leaves. 
Vaccinium uliginosum subsp. uliginosum occurs in bogs in western and northern Europe 
(chromosomes: n=24). It is an erect or spreading shrub with relatively large leaves. 
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Vaccinium uliginosum subsp. gaultherioides (Bigelow) S.B. Young is common in alpine and 
high arctic areas. All chromosome counts refer to n=12. It is a dwarf, tufted, matted, or 
procumbent subshrub with relatively small leaves, usually less than 10 mm long. 
The type material of Vaccinium gaultherioides described by Bigelow (1816) was from Mount 
Washington (U.S.A.). Apparently unaware of this description, Lange (1880) distinguished a 
similar Greenlandic taxon as Vaccinium uliginosum microphyllum. According to Löve & 
Boscaiu (1966) Vaccinium microphyllum is identical and synonymous with Vaccinium 
gaultherioides as stated earlier by Avrorin (Avrorin 1959, cited in Löve & Boscaiu 1966). 
Since the former has been published later, Vaccinium gaultherioides should be regarded as the 
correct name. Löve & Boscaiu (l.c.) consider Vaccinium gaultherioides a species. We tend to 
follow Young (1970) who considers it a subspecies of Vaccinium uliginosum, because most of 
the races of the Vaccinium uliginosum complex intergrade more or less freely in zones of 
range overlap, even though they differ cytologically. In this study, we use the subspecies 
name gaultherioides, for a list of synonyms see Taxonomic Appendix in this chapter. 
Villar (1993) agrees with Van der Kloet (1988) that different levels of polyploidy (2x, 4x, 6x) 
do not correlate with morphological characteristics, reason why it does not seem reasonable to 
admit intraspecific taxa. However, as far as Vaccinium uliginosum is concerned, the 
monographic work of Van der Kloet (l.c.) is based on American material, and in addition on 
information from Young (1970). Van der Kloet (l.c.) states that, on a worldwide basis, Young 
(l.c.) could not find a clear-cut morphological discontinuity among the races of Vaccinium 
uliginosum, because there were not enough chromosome data to base these correlations on. 
Indeed, Young (l.c.) had only very few chromosome data from Europe at his disposal (see 
also Hess et al. 1972, p.775). These few data only refer to material from northern areas: 
Iceland, Sweden and arctic Russia. We believe that at least chromosome counts on material 
from Central and southern Europe should be included in a survey of Vaccinium uliginosum on 
a worldwide basis. 
Löve & Boscaiu (1966) did not carry out cytological investigations, but by aid of 
morphological and biometrical comparisons, they did examine a large number of herbarium 
specimens from many sites throughout the range of the species, including Spain, France and 
parts of eastern Europe. The same authors assume that almost all reports of Vaccinium 
uliginosum from stations of dry and rocky habitats in the alpine zone of the Alps, Jura, the 
Pyrenees, Sierra Nevada, the Apeninnes, the Balkans, Caucasus, the Urals, Baikal, Altai and 
other high mountains may primarily refer to the diploid Vaccinium gaultherioides rather than 
the tetraploid Vaccinium uliginosum sensu stricto. Since there is no fundamental cytological 
research of European material of Vaccinium uliginosum sensu lato, we prefer to distinguish 
subspecies on the basis of morphological characteristics with additional ecological and 
cytological data. The specimens concerned here correspond to Vaccinium uliginosum subsp. 
gaultherioides (Bigelow) S.B. Young, because their height is less than 15 cm, their leaves 
mostly have a width of less than 1 cm. Up to now, we observed only one flower (site 2) that 
nevertheless confirmed another characteristic feature (i.e. mostly one single flower instead of 
2-3 together, with stalks with length of 1-3 mm instead of 3-10 mm, according to Hess et al. 
1970). 
All 14 studied metaphase cells from the specimen collected at site 1 showed a tetraploid 
chromosome set (2n=24). We conclude that this Portuguese specimen of Vaccinium 
uliginosum subsp. gaultherioides is a diploid, as is discussed above, and is an a posteriori 
confirmation of the pertaining claim by Löve & Boscaiu (1966). The basic chromosome set 
known so far, n=12, being the lowest found in the complex, leads to this conclusion. 
However, since this basic gamete number is relatively high, it may well reflect an old 
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polyploid development, however, a putative ancestral taxon at the ‘palaeo-diploid’ level is as 
yet unknown in the genus Vaccinium (Lewis 1980) 
Now in Portugal two taxa of the genus Vaccinium are known to occur: Vaccinium uliginosum 
subsp. gaultherioides from the Serra da Estrela (Beira Alta) and Vaccinium myrtillus from the 
northern serras and the Serra da Estrela (Minho, Trás-os-Montes, Beira Alta). The former can 
easily be distinguished from the latter: its twigs are round and rapidly browning, its leaves are 
entire, blue-green. Vaccinium myrtillus has angular, green twigs and its leaves are toothed, 
bright green. 
Origin 
Vaccinium uliginosum is generally regarded as a glacial relict in the high mountains of 
Central Europe (Oberdorfer 1990) and South-West Europe (Braun-Blanquet 1945). The 
specimens in the Serra da Estrela belong probably to a relict population from the Quaternary. 
Relatively recent dispersal by migratory birds (i.c. endozoochory) is not very likely, because 
of the short retention time of seeds within birds (in general by far less than one hour, see 
Levey 1986) in combination with the distance (> 250 km) to cross to the nearest possible 
metapopulations (i.c. in northern direction Montañas de Léon; in eastern direction 
Somosierra, Sierra de Ayllón, both part of the Sístema Central).  
As a result of the long tradition of cutting, burning and pasturing, many species are rare in the 
Serra da Estrela. We assume that populations of plant species were lost or diminished, 
especially species at the limits of their distribution areas, such as glacial relics like Vaccinium 
uliginosum subsp. gaultherioides. For instance, Lycopodium clavatum must have been a 
relatively common species ca. 4,000 years ago, at least locally near Lagoa Comprida 2 (see 
Fig. 6 in: Van der Knaap & Van Leeuwen1994), assuming1 that no other Lycopodium species 
with similar spores existed (Jones & Blackmore 1988). Nowadays the only known specimen 
of Lycopodium clavatum in Portugal is found at one location in the Serra da Estrela, well 
hidden beneath a Dwarf juniper (Jansen 1994a). During or directly after the last glaciation, 
there may have been communities with Vaccinium uliginosum, comparable to the present 
Juniperion nanae communities of northern Spain. We notice the presence of the arctic-alpine 
lichen Cetraria commixta and the alpine Plantago alpina L. at site 1 (Table 1, relevé 2). The 
latter is also new to the Portuguese flora (Jansen et al. 1999b2, Chapter 10). 
Ecology and conservation 
The Serra da Estrela has a mountain climate with oceanic and Mediterranean influence. 
Climatic data are available from the weather station in Penhas Douradas (alt. 1,383 m a.s.l.), 
which lies ca. 3 km north of the sites with Vaccinium uliginosum subsp. gaultherioides (see 
Tormo Molina et al. 1992). From these data it can be derived that the sites are situated in the 
oro-Temperate thermoclimatic belt with a hyperhumid ombroclimate (Rivas-Martínez et al. 
1987). The Atlantic climate is expressed in the high precipitation (assumed mean annual 
                                                             
1 However, a few years later Mr. J.P. Fidalgo has discovered Lycopodiella inundata new to the Serra da Estrela which 
undermines this assumption. 
 
2 The referenced paper Jansen J, Van der Knaap WO & Paiva J 1999b subm. A short note on plant taxa from the Serra da 
Estrela new to Portugal. Silva Lusitana 7(2): 291-293 has been confirmed to be submitted for publication, but it has never 
been published. 
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precipitation > 2000 mm); the Mediterranean climate in the high annual insolation (> 2500 h) 
and a dry period in summer. 
Vaccinium uliginosum s.l. multiplies by layering or sprouting from rhizomes, self pollination 
or crossbreeding through insects (Braun-Blanquet 1975). Specimens may reach up to 80 years 
(Fournier 1961) or even more (Braun-Blanquet l.c.). So, in general, once a specimen is 
settled, there is time for reproduction and dispersion. 
Vaccinium uliginosum subsp. gaultherioides grows in situ on a gentle slope with north-
western aspect (site 1, alt. 1,875 m a.s.l.), and some 500 m further north in the fissures of a 
north-faced rock-outcrop (site 2, alt. 1,850 m a.s.l.). 
The specimen at site 1 shows clear clonal growth, covering c. 1 m2. It grows in the 
understorey of Juniperus communis subsp. alpina stretching out into adjacent Nardus 
grassland (see Table 1). Up to now, neither flowers nor fruits could be observed. This may be 
mainly correlated with herbivores. Observations in July 1990-1994 and August 1994 showed 
severe damage as a result of browsing. At site 2 one specimen showed one flower in 1998, 
perhaps because it grows in a rock-fissure, hardly accessible for grazers. 
We suppose that summer drought is the major climatic factor limiting the distribution of the 
arctic-alpine Vaccinium uliginosum subsp. gaultherioides in the Serra da Estrela. Only locally 
there may be compensation through favourable microclimatic conditions that are assumed to 
rule in the localities where the specimens were found. Both sites may be covered with snow 
during some periods in winter. The best developed parts of the specimens are situated under 
the Dwarf juniper and in the rock-fissures. There is less radiation, a relatively high 
atmospheric humidity and better protection against browsing. 
We suggest to make an enclosure in order to prevent possible nuisance from heavy grazing 
and trampling (sheep, goats, cattle). This may enhance the production of flowers and fruits 
and this in turn may eventually lead to extension into few favourable places, by additional 
means of seed dispersal. For not drawing the attention of plant hunters the enclosure should 
be camouflaged.  
We propose to add the taxon to the preliminary red list for Portugal (Ramos Lopes et al. 
1990). The specimens are threatened by climate change, heavy grazing and trampling, and 
genetic erosion (exchange with metapopulations is unlikely, as stated earlier). 
Syntaxonomy 
For the Iberian Peninsula only a survey of syntaxa on the alliance level exists and moreover 
without mentioning characteristic species (Molina Abril 1993). In the western Pyrenees 
Vaccinium uliginosum subsp. uliginosum is considered a character-species of the Betulion 
pubescentis (class: Vaccinio-Piceetea) and Vaccinium uliginosum subsp. microphyllum (= 
gaultherioides) is considered a character-species of the class Vaccinio-Piceetea (Rivas-
Martínez et al. 1991). The latter mainly occurs in communities of the Rhododendro-Vaccinion 
and Loiseleurio-Vaccinion, but it may occasionally occur in the Juniperion nanae, an alliance 
that nowadays is assigned to the Pino-Juniperetea (Rivas-Martínez et al. l.c.) 
In the western Cordillera Cantábrica and in the province of Léon Vaccinium uliginosum s.l. 
can be considered a character-species of the Juniperion nanae (Fernández Prieto et al. 1987, 
Penas Merino et al. 1990). 
In the Sistema Central Vaccinium uliginosum s.l. is very rare, only occuring in the 
easternmost part, namely Somosierra and Sierra de Ayllón (Luceño & Vargas 1991).  
We do not have information from the Iberian system and the Sierra Nevada.  
In the Serra da Estrela, Vaccinium uliginosum subsp. gaultherioides grows relatively best in 
Dwarf juniper scrub (see Table 1). This type of scrub has been assigned to the Juniperion 
nanae (Braun-Blanquet et al. 1952) or Pino-Cytision (Rivas-Martínez et al. 1987). The 
32
Chapter 2
33 
 
controversial synsystematic position of this scrub-type will be elucidated in the near future 
(see also Jansen et al. 1999a, Chapter 10, Appendix 4.2). For the moment we assign relevé 1 
(see Table 1) to the Lycopodio clavati-Juniperetum nanae Rivas-Martínez 1981 and relevé 2 
to the Galio saxatilis-Nardetum Br.-Bl., P. Silva, Rozeira & Fontes 1952 (see also Jansen 
1999).  
Taxonomic appendix 
The following species list contains names used in this paper with references that do not follow 
Flora iberica, nor Nova Flora de Portugal, or Flora Europaea; in addition synonyms regarding 
Vaccinium uliginosum (only including subspecies reported from Europe) are listed. 
Deschampsia flexuosa (L.) Trin. subsp. iberica Rivas-Martínez in Anal. Inst. Bot. Cavanilles 
21: 297, (1963). 
Narcissus bulbocodium L. var. nivalis (Graells) P. Countinho in Flora de Portugal (2ª ed.): 
167 (1974). 
Potentilla erecta (L.) Räusch. var. herminii Fic. In Flora de Portugal (2ª ed.): 367 (1974). 
Vaccinium uliginosum L. subsp. gaultherioides (Bigelow) Young in Rhodora 72: 449 (1970) 
= V. gaultherioides Bigelow (pro parte) in New Engl. Journ. Medic. & Surg. 5: 335 (1816) = 
V. uliginosum var. gaultherioides (Bigelow) Bigelow (pro parte) in Fl. Bostoniensis, ed. 2: 
183 (1824) = V. uliginosum var. ß nanum in Voyage botanique dans le midi de l‟Espagne 
pendant l‟année 1837, Vol. 1-2 (1839-1845) = V. uliginosum microphyllum Lange in Meddel. 
om Grönl. 3: 91 (1880) = V. uliginosum subsp. microphyllum (Lange) Tolm. In Arctica 
(Leningrad) 4: 154 (1936) = V. micophyllum (Lange) Hagerup ex A. Löve in Bot. Not. 103: 
49 (1950).  
Vaccinium uliginosum L. subsp. pubescens (Wormsl. ex Hornem.) Young in Rhodora 72: 449 
(1970). 
Vaccinium uliginosum L. (sensu stricto) = V. uliginosum subsp. uliginosum 
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Table 1. Relevés with Vaccinium uliginosum subsp. gaultherioides from site 1, Beira Alta, Distrito de Guarda, 
Serra da Estrela, UTM grid 29TPE184-661. 
Relevé 1, author J. Jansen (nr. JJ1027). 9th of July 1990. Alt. 1,875 m. Dwarf juniper scrub at the border of Nardus grassland, on gentle slope. 
Aspect NNE, inclination 5°. Soil depth (5)-25-(50)cm. Ao: 0-5 cm undecomposed litter (mainly needles of Juniperus), mixed with raw 
humus, A1: fine and coarse organic material mixed with sand, C: granite rock. Sample plot 60 m². Shrub cover 70 %, height 25-(50) cm. 
Herb cover 50 %, height 5-(15) cm. Cryptogams 8 %. 
Relevé 2, author J. Jansen (nr. JJ27). 9th of July 1990. Alt. 1,875 m. Nardus grassland on gentle slope. Aspect NNE, inclination 5°. Soil depth 
1 m. Ao: 0-1 cm undecomposed litter (mainly Nardus straw), mixed with raw humus, A1: fine, blackish and humid organic material mixed 
with sand, well-rooted up to 30 cm, and in the deeper layer from c. 70 cm mixed with greyish quartzitic grains C: granite rock. Sample plot 
40 m². Herb cover 50 %, height 5-(10) cm. Cryptogams 10 %. 
 Relevé 1: Relevé 2: 
4  Juniperus communis subsp. alpina  4 Nardus stricta  
+ Deschampsia flexuosa subsp. iberica 3 Juncus squarrosus  
+ Vaccinium uliginosum subsp. gaultherioides + Narcissus bulbocodium var. nivalis  
+ Nardus stricta + Gentiana pneumonanthe 
3 Juncus squarrosus + Festuca henriquesii 
+ Festuca henriquesii + Galium saxatile  
+ Galium saxatile + Vaccinium uliginosum subsp. gaultherioides  
+ Agrostis truncatula subsp. truncatula + Arenaria querioides  
+ Arenaria querioides + Agrostis truncatula subsp. truncatula  
1 Calluna vulgaris + Calluna vulgaris (juv.) 
+ Erica arborea + Calluna vulgaris (seedl.)  
+ Erica arborea (juv.) + Juniperus communis subsp. alpina (juv.)  
+ Plantago alpina + Minuartia recurva  subsp. juressi 
+ Potentilla erecta var. herminii + Plantago alpina  
+ Rumex acetosella subsp. pyrenaicus + Potentilla erecta var. herminii   
cryptogams + Sedum brevifolium  
+ Cephaloziella divaricata cryptogams  
+ Ceratodon purpureus + Ceratodon purpureus  
+ Cetraria islandica + Cetraria commixta   
+ Cladonia coccifera s.s. + Cetraria islandica  
+ Cladonia gracilis + Cladonia cervicornis 
+ Cladonia merochlorophaea + Cladonia coccifera s.s.  
+ Dicranum scoparium + Cladonia merochlorophaea   
+ Lophozia bicrenata + Dicranum scoparium  
+ Pleurozium schreberi + Hypnum cupressiforme s.l.  
+ Pohlia nutans 1 Pohlia nutans 
+ Polytrichum juniperinum + Polytrichum juniperinum  
1 Polytrichum piliferum 1 Polytrichum piliferum  
+ Trapeliopsis granulosa 1 Sphagnum compactum  
 + Trapeliopsis granulosa  
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Chapter 3 
Stands of Cytisus oromediterraneus in the Serra da Estrela, with some 
remarks on their significance for the occurrence of the Bluethroat (Luscinia 
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Abstract 
The Bluethroat (Luscinia svecica cyanecula) is reported as a new breeding species for Portugal. 
It was observed in a mosaic-like vegetation, built by broom-scrub in different phases of 
development together with grasslands, in the south-eastern part of the Serra da Estrela. This 
broom-scrub consists predominantly of Cytisus oromediterraneus. It is planned to continue the 
study on Bluethroats in the Serra da Estrela. A good understanding of their habitat could be of 
great help in finding more breeding areas. As for a start, this paper gives a phytosociological 
description of stands with Cytisus oromediterraneus in the Serra da Estrela, also including the 
breeding area of Luscinia svecica cyanecula. First a general description of the ecology and 
syntaxonomy of Cytisus oromediterraneus is given, followed by the results of the classification 
of stands in Serra da Estrela. Three types of vegetation are distinguished, on the basis of 38 
relevés. The first type comprises early phases, which are described as transitions to open 
grasslands. The second and third type are described as basal communities of the Pino-Cytision: 
BC Cytisus oromediterraneus-[Pino-Cytision], namely a variant with Agrostis truncatula subsp. 
truncatula and a variant with Erica arborea. The floristic composition, its variation, the 
synecology and the topographic situation of each type are dealt with. In addition some remarks 
are made on the Bluethroat and its habitat. 
 
 
Open grassland with Corynephorus canescens and  Cytisus oromediterraneus (stage 2, see Fig. 1) 
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Introduction 
In 1991 and 1992, the author carried out a phytosociological field study on heathland and 
Dwarfjuniper-scrub in the higher zones of the Serra da Estrela. One of the first results is a 
preliminary survey of the main vegetation-types. Five types were assigned to the alliance Pino-
Cytision, three to the Ericion umbellatae and three to the Genistion micrantho-anglicae (Jansen 
1994a). Not all (dwarf-)shrub communities were included: strongly degraded post-fire phases 
which could not be easily classified were left out of consideration. They do not contain any plant 
species which do not occur in any other plantcommunity. Most striking are stands dominated by 
a small Cistus-like shrub, Halimium lasianthum subsp. alyssoides on the one hand and stands 
dominated by a broom species, Cytisus oromediterraneus on the other. At the moment they 
occupy considerable areas. The former stands have some affinity with the alliance Ericion 
umbellatae, the latter with the Pino-Cytision. They may extend at the expense of desirable 
mature heath or Dwarfjuniper-scrub, because there is an increasing fire activity in the last few 
years. 
This paper gives a description of stands dominated by Cytisus oromediterraneus; not in the least 
because they happen to be a habitat for the Bluethroat (Luscinia svecica cyanecula), a new 
breeding species for Portugal. First some general aspects of the distribution and ecology of 
Cytisus oromediterraneus are outlined, followed by a phytosociological description of post-fire 
phases of stands with Cytisus oromediterraneus in the Serra da Estrela. In addition some remarks 
are made on the habitat of Luscinia svecica cyanecula. 
Methods 
Relevés were made according to the method of the French-Swiss school of phytosociology 
(Braun-Blanquet 1964, Westhoff & Van der Maarel 1973). Data input was achieved by 
TURBOVEG (Hennekens in prep.). In the synthetic phase, the program TWINSPAN (Hill 1979) 
was used for arranging the relevés into more or less homogeneous clusters. The computer 
programs CEDIT (Van Tongeren 1991) and SHIFTTAB (Hennekens in prep.) have been used 
for obtaining an optimal classification by relocating relevés and species „by hand‟. 
Nomenclature of higher plants follows Flora iberica as far as issued (Castroviejo et al. 1986, 
1990, 1993a,b), Nova Flora de Portugal as far as issued (Franco 1971, 1984), otherwise Flora 
Europaea V (Tutin et al. 1980). Nomenclature of mosses follows Corley et al. (1981) and Corley 
& Crundwell (1991), of liverworts Grolle (1983) and of lichens Clauzade & Roux (1985), of 
birds Fitter & Parslow (1972). 
General distribution and ecology of Cytisus oromediterraneus 
Until rather recently, specimens of Cytisus oromediterraneus were usually referred to as Cytisus 
purgans in the literature (see Floristic appendix in this chapter). In fact, the original description 
of Genista purgans is based on material from a spiny scrub: Genista scorpius. This spiny scrub 
was described some years before, reason why Cytisus purgans must be regarded synonymous 
with Genista scorpius (López González 1984). Cytisus oromediterraneus is described by Rivas-
Martínez et al. (1984). 
Cytisus oromediterraneus is a much-branched shrub from 30 up to 100 cm, usually with erect, 
densely packed branches which are conspiciously ribbed, almost leafless and quite rigid. The 
yellow flowers appear at the end of the twigs, smelling of vanilla (Tutin et al. 1968). 
Cytisus oromediterraneus has a south-west European distribution. It is distributed from the 
Iberian peninsula to central France (department Loir-et-Cher), with preference to major mountain 
ranges like Cordilleras Béticas, Sistema Central, Sistema Ibérico, Cordillera Cantábrica, 
Pyrenees, Cévennes and Massif Central (Rouy 1897, Rivas-Martínez 1963). The westernmost 
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boundary of its distribution area lies probably in the Serra da Estrela (compare Franco 1974); the 
easternmost boundary lies somewhere in the department Alpes de Haute-Provence (Guinochet & 
Vilmorin 1984). 
In France its vertical distribution varies from the colline to subalpine zone in the Eurosiberian 
region (with preference to thermophytic habitats) and the supramediterranean zone in the 
Mediterranean region (Arnaud et al. 1983, Thébaud 1988); in the Iberian peninsula from the 
supra- up to the oromediterranean zone (Rivas-Martínez et al. 1987). 
In France as well as the Iberian peninsula, Cytisus oromediterraneus can be related to climax 
vegetation, as well as to degraded seres of potential woodland, both being submitted to burning 
and pasturing if accessible by livestock (Baudière 1973, Braun-Blanquet 1926, 1948, 1953, 
Cusset & de la Chapelle 1962, Furrer 1926, Rivas-Martínez et al. 1987, Quézel & Rioux 1954, 
Thébaud 1988). It might seem curious that Cytisus oromediterraneus is eaten by animals, 
because according to Fournier (1961), its seeds seem to be a purgative (compare the old name 
„purgans‟). In the Serra da Estrela goats as well as sheep eat the twigs of Cytisus 
oromediterraneus. 
The species is calcifuge and grows mainly on silicious substrate; on shallow as well as on 
relatively deep soils. It often grows on rocky slopes of granitic or sometimes of volcanic origin 
(Rouy 1897, Tutin et al. 1968, Guinochet & Vilmorin 1984). At least in parts of the Sistema 
Central it grows on soils which are classified as tangelrankers. These rankers consist of a 
mineral-rich A0- and A1-horizon which has a humusform of the mull-like moder type (Kubiëna 
1948, 1953). 
Cytisus oromediterraneus seems to prefer dry, warm habitats. Thébaud (1988) describes it as an 
acido-xerophilous thermo-heliophilous species. Perhaps this is the reason why it does not occur 
in the western Pyrenees which are strongly influenced by the atlantic climate. According to Ern 
(1966a) and to Pinto da Silva & Teles (1986) it seems to be related with continental conditions. 
Cytisus oromediterraneus passes not only altitudinal zones (colline to subalpine, supra- and 
oromediterranean belt) and chorological limits (Eurosiberian and Mediterranean region), but also 
marked syntaxonomical boundaries. 
Early phytogeographical studies signalise already the difficult syntaxonomical position of scrub 
dominated by Cytisus oromediterraneus (Braun 1915, Luquet 1926). Apart from Cytisus 
oromediterraneus, no characteristic species exist, for none of the species present are confined to 
these broom populations. Nowadays in France, vegetation-types with Cytisus oromediterraneus 
are generally assigned to Calluno-Ulicetea (Arnaud et al. 1983, Billy 1988), except for some 
shrublands in the Pyrenees, which are assigned to the Pino-Cytision or Juniperion nanae 
(Arnaud et al. 1983, Braun-Blanquet 1948). This duality between two classes, namely between 
Calluno-Ulicetea and Pino-Juniperetea, exists also in the Iberian peninsula, although its 
optimum is not reached in the Calluno-Ulicetea as in France, but in the Pino-Juniperetea. 
In the Iberian peninsula, Cytisus oromediterraneus is generally regarded as a characteristic 
species of the Pino-Cytision oromediterranei, although it can reach quite high abundancy in 
communities of the Ericion umbellatae (compare Rivas-Martínez 1979, Rivas-Martínez et al. 
1987); and sometimes even in the Genistion polygaliphyllae (Cytisetea scopario-striati) (Rivas-
Martínez et al. 1984). According to Rivas-Martínez et al. (1987), the Pino-Cytision can be 
divided into two suballiances: one (Genistenion baeticae) occurring in the phytogeographical 
province „nevadense‟, the other (Pino-Cytisenion oromediterranei) in the province „carpetano-
ibérico-leonesas‟ (including the sector „estrellense‟). The latter covers almost entirely the 
Sistema Central (including Serra da Estrela), where this broom-scrub generally forms the climax 
vegetation on silicious substrate in the oromediterranean zone. 
In the Serra da Estrela, the system of herded grazing is still being practised today and a major 
part of the syntaxa, which are assigned to the Pino-Cytisenion, are still effected by pasturing and 
38
Chapter 3
39 
 
burning. Especially the latter activity, often applied by shepherds as a tool to improve their 
pasturing grounds, might lead to almost pure stands of Cytisus oromediterraneus. The use of fire 
is in favour of Cytisus oromediterraneus because it normally regenerates quickly after burning, 
in contrast to another important scrub-forming species, Juniperus communis subsp. alpina, 
which loses territory because of its sensitivity to fire (compare Braun-Blanquet 1948, Poore & 
Mc Vean 1957, Gimingham 1981, Rivas-Martínez et al. 1987, Sánchez-Mata 1989). 
In Portugal, Cytisus oromediterraneus is restricted to the higher parts of the Serra da Estrela 
(Sampaio 1946, Franco 1974). Within this area, it is mainly distributed in the eastern and 
southern parts, from ca. 1,400 m up to almost 2,000 m. At relatively low altitudes it may 
hybridise; at several places in the valley of the Zêzere the hybrid with Cytisus multiflorus occurs 
(Cytisus x praecox). 
Cytisus oromediterraneus is most conspicuous in 1) the Junipero-Ericetum cytisetosum, a 
thermophytic supramediterranean heathland-community, 2) thermophytic stands of the 
Lycopodio-Juniperetum, an oromediterranean Dwarfjuniper-community and 3) the Teucrio-
Echinospartetum, a xerophytic spiny broomscrub of the oromediterranean zone, sometimes 
descending into the upper supramediterranean zone. The first mentioned community can be 
assigned to the Ericion umbellatae (Calluno-Ulicetea), the last two communities are assigned to 
the Pino-Cytision (Pino-Juniperetea). In all three communities, Cytisus oromediterraneus 
accompanies other dwarfshrub species: Erica species with preference in the first, Juniperus 
communis subsp. alpina in the second and Echinospartum ibericum subsp. pulviniformis in the 
last. Apart from these relatively undisturbed communities, almost pure stands of Cytisus 
oromediterraneus occur. Whereas the first three communities occupy relatively small areas, the 
last occupy relatively large areas. Some good examples of the Junipero-Ericetum cytisetosum 
can be found near Poios Brancos, of thermophytic stands of the Lycopodio-Juniperetum on some 
gentle slopes of Cântaro Raso and of the Teucrio-Echinospartetum for instance on rocky 
outcrops in the vicinity of Espinhaço do Cão. The best examples of stands dominated by Cytisus 
oromediterraneus and their post-fire phases can be found in the surroundings of Alto da Pedrice, 
Piornal, Espinhaço do Cão and between Torre and Terroeiro. These kind of stands will be 
described in this paper. 
Results and discussion 
Table 1 shows the results of the classification. Three main clusters are distinguished. Floristically 
and ecologically they can be described fairly well. However, no exclusive character-species 
exists. Selective or preferent character-species may occur (e.g. Arrhenatherum cf. elatius), but a 
relevant decision requests a comprehensive study of the overall vegetation of the region. From a 
syndynamical point of view, these clusters can be considered as phases of post-fire succession. 
The first cluster represents an initial phase in which low shrubs of Cytisus oromediterraneus 
form relatively open broom-scrub. In this phase species of open grasslands constitute an 
important part of the vegetation: Agrostis truncatula subsp. truncatula, Rumex acetosella subsp. 
angiocarpus, Cerastium ramosissimum, Spergula morisonii, Arenaria querioides, Corynephorus 
canescens, Jasione crispa subsp. sessiliflora, Molineriella laevis and others. 
Clusters 2 and 3 represent the next phase in which shrubs of Cytisus oromediterraneus grow 
higher, forming relatively dense broomscrub. Its canopy covers more or less continuously the 
groundlayer. In this phase there is a significant decline of heliophilous species from open 
grasslands. 
Transitions to open grasslands and stands of variant 1 of the BC Cytisus oromediterraneus [Pino-
Cytision] occur predominantly on plateaux and gentle slopes; stands of variant 2 of the BC 
Cytisus oromediterraneus [Pino-Cytision] on gentle and steep slopes. 
39
Stands of Cytisus oromediterraneus in the Serra da Estrela
40 
 
Further succession may lead towards mature associations, but in general, before that phase is 
reached, the scrub is burned and the cycle starts again (see Speculations on succession) . A 
synoptic table of the mature associations is given elsewhere (Jansen 1994a); in this paper the 
premature phases will be described in detail. 
Transitions to open grasslands 
Transitions to open grasslands are mainly composed of species of the classes Sedo-Scleranthetea 
and Tuberarietea at the one hand and of species of the alliance Pino-Cytision at the other. Most 
predominant life forms of open grasslands are therophytes, accompanied by some chamaephytes, 
hemicryptophytes and geophytes. The syntaxonomical position of these open grasslands is not 
clear yet. Braun-Blanquet et al. (1952) described open grasslands in the Serra da Estrela as the 
Arenario-Cerastietum ramosissimae (Molinerion, Corynephoretalia). In the opinion of Rivas-
Martínez (1981b) the syntaxonomical position of this association balances between the 
Tuberarietalia and the Sedo-Scleranthetalia. For maintaining certain coherence with an earlier 
publication (Rivas-Martínez 1978), he assigns it finally to the Airion caryophylleo-precocis, 
Tuberarietea. In recent syntaxonomical surveys (Sánchez-Mata 1989, Amor et al. 1993) of 
relatively nearby situated mountains in Spain (resp. western part of the Gredos mountains and 
the southern slopes of the Sierra de Tormantos), the following species are assigned to the class 
Tuberarietea: Agrostis truncatula subsp. truncatula, Cerastium ramosissum, Spergula morisonii, 
Molineriella laevis, Micropyrum tenellum, Teesdalia nudicaulis, Aira praecox, Logfia minima 
and Sedum arenarium; to the Sedo-Scleranthetea: Festuca summilusitana, Arenaria querioides, 
Viola langeana, Corynephorus canescens, Jasione crispa subsp. sessiliflora, Sedum brevifolium 
and Hieracium castellanum. The afore-mentioned authors neglected cryptogams, except for 
Braun-Blanquet et al. (1952), who consider both Polytrichum piliferum and Polytrichum 
juniperinum to be character-species of the Corynephoretalia. The syntaxonomical position of 
Viola langeana is questionable. Ortiz & Marcos Samaniego (1989) consider it to be a character-
species of the Violetum langeanae, a community that occurs on fine grained gravel slides. They 
assign this association to the class Thlaspietea, mainly because of the presence of Viola 
langeana, Linaria saxatilis and Paronychia polygonifolia. Nonetheless, their vegetation table 
shows that forementioned species are always accompanied by a number of elements of the class 
Sedo-Scleranthetea (see Table 1 in Ortiz & Marcos Samaniego 1989). Apart from Viola 
langeana, some other species from scree communities occur in the transitions to open 
grasslands, namely Coincya monensis subsp. orophila, Linaria saxatilis, Paronychia 
polygonifolia, Solidago virgaurea, Silene foetida subsp. foetida and Trisetum hispidum. 
According to Rivas-Martínez et al. (1989) all these species are character-species of syntaxa 
which are assigned to the Thlaspietea. In case our Arrhenatherum cf. elatius refers to the same 
taxon as Arrhenatherum carpetanum (which has not been described officially, but nevertheless 
occurs in a lot of vegetation tables of Thlaspietea communities in Spain), it eventually could be 
a character-species of the Thlaspietea too. Anyway, the transitions to open grasslands consist of 
a mixture of elements of different classes, none of them being predominant, reason why they 
cannot be assigned to any syntaxonomical unit. 
Some species are better adapted to fire than others. Therophytes appear quickly after burning; 
geophytes like Ornithogalum concinnum, Conopodium majus, Gagea soleirolii, Narcissus 
species, Crocus carpetanus and even Fritillaria lusitanica are quite well protected and may 
survive. If the surface layer of the soil stays relatively unaffected by the fire, perennial grasses 
may regenerate rapidly from new shoots: Deschampsia flexuosa subsp. iberica, Arrhenatherum 
cf. elatius, Festuca summilusitana, Agrostis truncatula subsp. truncatula, Nardus stricta, 
Corynephorus canescens, Trisetum hispidum and Agrostis castellana. Under forementioned 
circumstances mosses like Polytrichum piliferum, Ceratodon purpureus and Polytrichum 
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juniperinum can maintain themselves fairly well, as well as other chamaephytes like Arenaria 
querioides or lichens like the crustose Trapeliopsis granulosa and the fruticose Coelocaulon 
aculeatum. Ceratodon purpureus, Polytrichum piliferum, Polytrichum juniperum and 
Trapeliopsis granulosa belong to a group of cryptogams which are about the first to appear in 
early phases of post-fire successions in heath vegetation in different parts of the world (Duncan 
& Dalton 1982, Clément & Touffet 1990, Gloaguen 1990, Thomas et al. 1994). After burning 
under relatively moderate temperatures, Cytisus oromediterraneus may regenerate both from 
seed bank and stem bases. However, according to Legg et al. (1992), severe fires causing 
ignition of surface organic horizons kill stem bases of Calluna vulgaris and cause a serious 
depletion of the seed bank. This might be also the case with specimens of Cytisus 
oromediterraneus. 
Conditions in recently burned scrub show some resemblance with conditions in screes (i.e. 
moving particles as a result of strong erosion). This may explain the presence of a relatively 
large number of character-species of the Thlaspietea, including Viola langeana, which may 
appear in massive amounts, quickly after burning. However, these conditions are merely 
ephemeral, compared to the more or less permanent regime in scree-communities. Nevertheless 
some character-species of the Sedo-Scleranthetea or the Tuberarietea can be well-adapted to 
moving particles. For instance, Corynephorus canescens is widely spreaded in dunes with 
drifting sands in West and Central Europe. In the coastal sand dunes of The Netherlands, 
Denmark and the German isles of the Waddensea, it is curiously also often associated with a 
Viola species, namely Viola canina; reason why they are both name-giving species of the Violo-
Corynephoretum, an association which is confined to sand dunes. The behaviour of both species 
is according to Massart (1907) an adaptation to drifting sand: their stalks keep on growing if 
they are overblown by sand, whereas their dormant buds come out in case the sand is off-blown 
(Westhoff & Van Oosten 1991). In the Serra da Estrela, Corynephorus canescens prefers a 
mineral substratum, which contains at least some fraction of sandy particles. Frequently these 
grounds are lashed by strong winds, which can cause a sand drift. If winds are accompanied by 
heavy showers, coarse grained particles can be moved by surface run-off, especially on slopes. 
The best examples of transitions to open grasslands can be found in the area between Cascalvo 
and Varanda, or between Torre and Terroeiro. 
BC Cytisus oromediterraneus-[Pino-Cytision] 
It is difficult to classify stands dominated by Cytisus oromediterraneus, because they usually 
lack characteristic species. Baudière (1973) tries to solve this difficulty by making use of the 
concept of ‘phytofacies’, which is defined by the coefficients of cover of the dominant species. 
Although this seems to be a good method to describe almost pure stands of Cytisus 
oromediterraneus, I prefer to follow the more often practised ‘deductive method’ of Kopecký & 
Hejný (1974, 1978) (see also Schaminée et al. 1991). According to this method stands 
dominated by Cytisus oromediterraneus can be described as basal communities (in German: 
‘Basalgesellschaften’). A basal community consists of character-species and differential species 
from syntaxonomical units above the association level as well as companions of which 
dominants (if present) belong to a syntaxon of higher rank from the same class. Teucrium 
salviastrum, Echinospartum ibericum subsp. pulviniformis, Deschampsia flexuosa subsp. 
iberica and the dominant species Cytisus oromediterraneus are all character-species of the 
Pino-Cytision (according to Rivas-Martínez et al. 1987), reason why cluster 2 as well as cluster 
3 can be described as a basal community of the alliance Pino-Cytision, dominated by Cytisus 
oromediterraneus: BC Cytisus oromediterraneus-[Pino-Cytision]. The basal community of 
Cytisus oromediterraneus can be divided into two variants, namely one with Agrostis truncatula 
subsp. truncatula (= variant 1) and one with Erica arborea (= variant 2). 
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The variant with Agrostis truncatula subsp. truncatula (variant 1) is characterised by the 
dominance of Cytisus oromediterraneus in combination with some species which also occur in 
the transition-type: Agrostis truncatula subsp. truncatula, Rumex acetosella subsp. angiocarpus, 
Cerastium ramosissimum, Spergula morisonii, Polytrichum juniperinum and Nardus stricta. It 
is found on plateaux and gentle slopes; altitudes of relevés vary from 1,660 m up to 1,960 m. 
The best examples can be found near Alto da Pedrice and between Terroeiro and Torre. Here it 
often forms mosaics with open grasslands, Nardus-grasslands and less mature stands with 
Cytisus oromediterraneus, i.e. transitions.  
The variant with Erica arborea is characterised by the dominance of Cytisus oromediterraneus 
in combination with Erica arborea and less frequently with Narcissus asturiensis and 
Orobanche rapum-genistae subsp. rapum-genistae, a root parasite on various leguminous 
shrubs. Eventually a subvariant can be recognized with Phalacrocarpum oppositifolium on 
steep, rocky slopes. Trisetum hispidum is only locally present (e.g. in the vicinity of Piornal and 
on south-exposed slopes of the Cântaro Gordo). The variant with Erica arborea is mostly found 
on moderate to steep slopes; altitudes of relevés vary from 1,700 m upto 1,880 m. Some good 
examples can be found on the slopes of Espinhaço do Cão, Covão do Boi and Cântaro Raso. In 
general the soil is submitted to stronger erosion: organic material and sand are washed away 
quicker on slopes than on plateaux. Variant 2 is by far less accompanied by open grasslands and 
Nardus-grasslands than variant 1 and less easier visited by cattle, sheep and goats. This might 
explain why some species of open grasslands are lacking or, if present, only grow in small 
numbers. 
Speculations on succession 
The study of the relationship between different stages of developmental series requires long-
term measurements, preferably on the basis of permanent plots. No such data are available in 
the Serra da Estrela. Still it is tempting to picture a provisional scheme in which possible 
relationships are shown between different successional stages. 
Figure 1 represents such a scheme. It shows two hypothetic developmental series in which 
Cytisus oromediterraneus is involved: one for the supramediterranean zone (A) and one for the 
oromediterranean zone (B). Four main steps are included. The first step is the quickest. Each 
following step takes an increasing period of time. The first step, from stage 1 to stage 2 seems 
reasonable. It represents the development from transitions with some Cytisus oromediterraneus 
to shrubland dominated by Cytisus oromediterraneus. Both stages are desribed in this paper. 
The next step seems still to be quite reasonable. It represents the development from basal 
community to association. The kind of association is depending on climatic and edaphic 
circumstances. In the supramediterranean zone it will be the Junipero-Ericetum cytisetosum 
(stage 3); in the oromediterranean zone it will be thermophytic stands of the Lycopodio-
Juniperetum on dry and relatively deep soil, or the Teucrio-Echinospartetum on exposed rocky 
outcrops (stage 4). 
All the aforementioned vegetation-types exist today in the Serra da Estrela. They form a spatial 
patchwork, mainly together with (open) grasslands. The final step to woodland is less 
reasonable. In the study area, over 1,600 m altitude, no woodland exists. From pollen analyses 
of peat deposits in the area carried out by Romariz (1950) and Van den Brink & Janssen (1985), 
it can be concluded that at least some woodland once must have been present. Today 
comparable areas in the Central System (e.g. Sierra de Gredos, Sierra de Guadarrama) still carry 
woodland over 1,600 m altitude, even over 2,000 m (compare Rivas-Martínez 1963). It is not 
inconceivable that woodland eventually would develop in the Serra da Estrela, at least in the 
more sheltered situations, if protected from burning and grazing. This potential woodland is 
likely to be assigned to the order Quercetalia robori-petraeae (alliance Quercion robori-
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pyrenaicae and Ilici-Fagion) for the supramediterranean zone (Braun-Blanquet et al. 1956, 
Rivas-Martínez 1981b) and the alliance Pino-Cytision for the oromediterranean zone (Rivas-
Martínez et al. 1987). 
It should be noted that the dynamics of Cytisus oromediterraneus are mainly limited to the 
eastern part of the Serra da Estrela; in particular in the south-east. The described hypothetical 
developmental series can only be applied to that area. Analogous to vegetation development 
there is likely to be a development of soils. In fact, from the second step on, both vegetation and 
soil will may influence each other considerably. 
Fig. 1 Scheme of succession stages in which Cytisus oromediterraneus is involved in the Serra 
da Estrela; (A) in the climax area of the Quercion robori-pyrenaicae, (B) in the climax area of 
the Pino-Cytision. 
                           A                A 
                        ┌─────┐          ┌─────┐ 
   A          A       ┌─┤  3  ├──────────┤  5  │ 
┌─────┐    ┌─────┐    │ └─────┘          └─────┘ 
│  1  ├────┤  2  ├────┤                
└─────┘    └─────┘    │ ┌─────┐          ┌─────┐ 
   B          B       └─┤  4  ├──────────┤  6  │ 
                        └─────┘          └─────┘ 
                           B                B    
existing stages (1-4): 
1 = open grassland with Cytisus oromediterraneus 
2 = broom-scrub dominated by Cytisus oromediterraneus 
3 = heathland with Cytisus oromediterraneus 
4 = Dwarfjuniper-scrub with Cytisus oromediterraneus 
 
not existing potential stages (5-6, hypothetic): 
5 = deciduous oak forest 
6 = evergreen pine forest 
 
Some notes on Luscinia svecica cyanecula and its habitat 
The Bluethroat (Luscinia svecica cyanecula) was discovered on the 28th of May 1992 by the 
author in the south-eastern part of the Serra da Estrela. A few weeks later (17th of June) one 
Bluethroat was observed on the same location at an altitude of ca. 1,700 m in company of mr. 
Rui Rufino and mr. Renato Neves, both ornithologists of the National Parks, Reserves and 
Nature Conservation Department (Instituto da Conservação da Natureza, Lisboa). The bird we 
saw in question, was a male carrying food. According to Cramp (1988) migration takes place 
earlier (mostly end of March till beginning of April). Both as a result of the date of observation 
and the behaviour of the male it was concluded that the Bluethroat was breeding. 
There are probably three major reasons for the fact that this species was not discovered earlier 
in the Serra da Estrela: (1) it leads a hidden life (mostly on the ground covered by bush), (2) it 
concerns a small population and (3) the area was not well investigated. The last reason is 
stressed by the fact that during recent phytosociological fieldwork many new lichen species for 
Portugal (Aptroot et al. 1992) as well as new mosses, liverworts and higher vascular plants were 
discovered (unpublished). 
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The most nearby breeding area of Luscinia svecica cyanecula is situated in the Sierra de Béjar 
(Peris & Ignacio Carnero 1988). The birdspecies was first discovered in the Sierra de Gredos, 
Spain (Witherby 1928 in Cramp 1988). This locus classicus lies about 200 km eastwards from 
the Serra da Estrela. The Gredos mountains belong just like the Serra da Estrela to the Sistema 
Central, an old mountain range which runs at a length of about 500 km from east to west over 
the Iberian peninsula. According to Witherby (l.c.) the mountain population of Luscinia svecica 
cyanecula is located in shrubland dominated by Spartium junceum. This must be based on a 
wrong determination, because Spartium junceum occurs in lowland areas only (Fournier 1961). 
In the beginning of May 1992, the author saw a singing male in shrubland dominated by Cytisus 
oromediterraneus at an altitude of approximately 1,800 m, in the vicinity of the „Plataforma‟ 
(near Hoyos del Espino, Sierra de Gredos). The structure of the vegetation here was similar to 
that of the breeding site in the Serra da Estrela: a mosaic of more or less open grassland with 
dense shrubland dominated by Cytisus oromediterraneus. The climax-vegetation of this area of 
the Sierra de Gredos belongs to the Pino-Cytision oromediterranei (Rivas-Martínez et al. 1987). 
It is obvious that Witherby (l.c.) must have confused Spartium junceum with Cytisus 
oromediterraneus. Other observations of Bluethroats in the Sierra de Gredos are also reported 
from stands with Cytisus oromediterraneus (Bernis 1955, Ern 1966b). 
The mountain population of Bluethroats in the Sierra de Gredos is assigned to the white-sterned 
Luscinia svecica cyanecula, although in fact on most bird species the characteristic white spot is 
lacking (Corley Smith 1959, Corley Smith & Bernis 1956). The specimens of the Serra da 
Estrela seem to belong to the same group as those of the Gredos mountains. At least up to now, 
a white spot has not been observed. Further investigation could give relief wether a new race or 
subspecies is concerned or not. If it concerns a new subspecies, than the name Luscinia svecica 
azuricollis is most suitable (Mayaud 1938, 1939 and 1959 in Glutz von Blotzheim 1988). 
In order to count the number of couples, Neves & Rufino (1994) revisited the Serra da Estrela 
the 24th and 25th of June 1993. They found only two males at the same location. They plan to 
continue the study on Bluethroats in the Serra da Estrela. 
The only location where Luscinia svecica cyanecula is observed until now, is situated in the 
south-eastern part of the Serra da Estrela at an altitude of ca. 1,700 m. The vegetation of the area 
shows a mosaic of different phases of Cytisus oromediterraneus shrublands with open 
grasslands and Nardus-grasslands, mostly on gentle slopes. 
The substratum generally consists of sandy, sometimes coarse shallow soils, with relatively few 
organic substance. 
Some small rivulets originate in the vicinity. They run dry by the end of spring, or perhaps even 
earlier. In May and June probably a small number of insects will be present. Then the question 
rises how the insectivorous Bluethroat manages to obtain food for itself and its young. It cannot 
search too far away, since its radius of action during the breeding period probably does not 
exceed 100 m (compare Schlemmer 1988, or Schmidt 1970, Theiß 1972 and Wartmann 1980). 
Perhaps it will find larvae in the rivulet or in the soil. In the Sierra de Guadarrama, Kubiëna 
(1948, 1953) found tangelranker soils under stands of Cytisus oromediterraneus, containing a 
marked proportion of excrements of micro-organisms. Probably from the beginning of summer 
the number of insects increases. Notably in July 1992, numerous grasshoppers could be 
observed. 
From an avicoenological point of view, there is resemblance with the area in the Sierra de 
Gredos (compare Bernis 1955, Ern 1966b) or Sierra de Cabrera (Ern 1966b). The most 
predominant bird species is the Dunnock (Prunella modularis). This species prefers shrubs. 
Skylarks (Alauda arvensis) and Tawny Pipits (Anthus campestris), which are less frequent, 
prefer more open vegetation. On big boulders, Wheatears (Oenanthe oenanthe) may be 
observed. Other potential bird species which may occasionally breed are Red-legged Partridge 
44
Chapter 3
45 
 
(Alectoris rufa), Ortolan bunting (Emberiza hortulana) and Rock Bunting (Emberiza cia). As 
part of a more detailed ornithological study by Mr. R.D. Rufino and Mr. R. Neves, an extended 
list of species will be published in the near future. 
The vegetation of the area is irregularly burned and during the growth season submitted to 
grazing by sheep, goats and cattle. In fact, grazing and burning maintain this mosaic-like 
vegetation-pattern of different phases of Cytisus oromediterraneus shrublands and open 
grasslands. Many studies confirm that Bluethroats often occur in disturbed habitats (including 
man-made ones), in which open vegetation alternates with more closed shrubland (Cramp 1988, 
Laußmann 1992, Theiß 1993). 
As to the conservation of the breeding site of Luscinia svecica cyanecula, it seems necessary to 
maintain the mosaic-like pattern of (open) grasslands and different phases of stands with 
Cytisus oromediterraneus. Grazing and fire management should therefore take into account that 
all types of vegetation should occur together both in time and space. Grazing can be maintained 
like it is carried out now, but the use of fire should at least be forbidden during the breeding 
season. Good timing also requests consideration with the behaviour of other animals (e.g. 
herpetofauna). In England it is recommended to burn only small areas (Gimingham 1981). This 
can be advised here too. Extra prudence is called for burning scrub on steep slopes, because of 
the risk of strong erosion (compare Braun-Blanquet 1948). Finally, burning should only be 
admitted in the areas where the mosaic-like vegetation of broom-scrub and open grasslands 
already exist (i.e. the area between Cascalvo and Varanda, and between Torre and Terroeiro). It 
would be unwise to sacrifice the well-developed heathlands and Dwarfjuniper-scrub. 
Within the Iberian peninsula mountain populations of the Bluethroat seem to prefer shrubland 
with Cytisus oromediterraneus. In northern Scandinavia, Bluethroats have been observed in 
Dwarfjuniper-scrub (Cramp 1988). In the Sierra de Cabrera and Cantabrian Mountains 
Bluethroats have been observed in shrubland with Erica arborea and Erica australis, but 
always accompanied by Cytisus oromediterraneus (Ern 1966b). The relationship between 
Bluethroats and stands with Cytisus oromediterraneus suggests that mountain populations of the 
Bluethroat could be expected in the distribution area of Cytisus oromediterraneus (compare Ern 
1966b). Perhaps even in northwest Africa, where the closely related Cytisus balansae (Boiss.) 
Ball occurs in high mountains (Rouy 1897, Arnaud et al. 1983). 
Floristic appendix 
The following species list contains names (in fat italic) with references which do not follow 
Flora iberica, nor Nova Flora de Portugal, or Flora Europaea; in addition (in italic) synonyms 
regarding Cytisus oromediterraneus and Genista scorpius are listed, as well as some taxa of 
which the subspecific epitheton is omitted in the table. 
Adenocarpus hispanicus (Lam.) DC. subsp. gredensis Rivas-Martínez & Belmonte in Opusc. 
Bot. Pharm. Complutensis 5: 70-71 (1989). 
Agrostis truncatula Parl. subsp. truncatula Romero García in Ruizia 7: 137 (1988). 
Arrhenatherum elatius subsp. carpetanum Rivas-Martínez & Fernández-González inéd. 
Coincya monensis subsp. orophila 
Cytisus oromediterraneus Rivas-Martínez, Díaz, Prieto, Loidi & Penas in Los Picos de Europa: 
264, (1984) = Cytisus balansae (Boiss.) Ball var. europaeus López & Jarvis in Anal. Jard. Bot. 
Madrid, 40 (2): 342 (1984) = Cytisus purgans auct. pl. non (L.) Boiss. 
Deschampsia flexuosa (L.) Trin. subsp. iberica Rivas-Martínez in Anal. Inst. Bot. Cavanilles 
21: 297, (1963). 
Echinospartum ibericum Rivas-Martínez, Sánchez-Mata & Sancho subsp. pulviniformis 
(Rivas-Martínez) Rivas Martínez in Lazaroa 7: 111, (1987). 
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Festuca summilusitana Franco & Rocha Afonso in Bol. Soc. Brot., sér. 2, 54: 94-95, (1980). 
Gagea soleirolii (F.W. Schultz) Bayer & López González in Bot. Chron. 10: 847-848, (1991). 
Genista cinerea (Vill.) DC. subsp. cinerascens (Lange) Rivas-Martínez in Anal. Inst. Bot. 
Cavanilles 21: 237, (1963). 
Genista scorpius (L.) DC. = Spartium scorpius L., Sp. Pl. 708 (1753) = Genista purgans L., 
Syst. Nat. ed. 10, 2: 1157 (1759) = Spartium purgans (L.) L., Syst. Nat. ed. 12, 2: 474 (1767), 
excl. descr. = Cytisus purgans (L.) Boiss., Voy. Bot. Midi Esp. 2: 134 (1839).  
Jasione crispa subsp. sessiliflora 
Juniperus communis subsp. alpina 
Orobanche rapum-genistae subsp. rapum-genistae 
 
Syntaxonomical survey 
Except for the communities described in the present publication, it is not intended to make any 
(regional) revision of existing classifications. It should be noted that classification and 
delimitation of the classes Tuberarietea, Sedo-Scleranthetea and Koelerio-Corynephoretea is 
not unanimously accepted in circles of international phytosociology. 
Thlaspietea rotundifolii Br.‐Bl. 47 
  Androsacetalia alpinae Br.‐Bl. in Br.‐Bl. et Jenny 26 
    Linario saxatilis‐Senecionion carpetani Rivas‐Martínez 63 
• Violetum langeanae Ortiz & Marcos Samaniego 89 
Tuberarietea guttatae Br.‐Bl. 52 em. Rivas‐Martínez 78 nom. mut. 
  Tuberarietalia guttatae BR.BL. 40 em. Rivas‐Martínez 78 nom. mut. 
    Airion caryophylleo‐precocis R. TX. 51 em. Rivas‐Martínez 77 
• Arenario‐Cerastietum ramosissimi Br.‐Bl., P. Silva, Rozeira & Fontes 52 
Sedo‐Scleranthetea Br.‐Bl. 55 em. Th. Müller 61 
  Sedo‐Scleranthetalia Br.‐Bl. 55 
Koelerio‐Corynephoretea Klika ap. Klika & NovákK 41 
  Corynephoretalia canescentis Klika 34 em R. Tx 62 
    Corynephorion canescentis Klika 31 em. R. Tx 62 
• Violo‐Corynephoretum Westhoff 47 
    Molinerion Br.‐Bl., P. Silva, Rozeira & Fontes 52 
• Arenario‐Cerastietum ramosissimi Br.‐Bl., P. Silva, Rozeira & Fontes 52 
Nardetea strictae (Oberd. 49) Rivas Goday in Rivas Goday & Rivas‐Martínez 1963 
 Calluno‐Ulicetea Br.‐Bl. et R. Tx. 43 
  Ulicetalia minoris Quantin 35 
    Ericion umbellatae Br.‐Bl., P. Silva, Rozeira & Fontes 52 
• Junipero nano‐Ericetum aragonensis Br.‐Bl., P. Silva, Rozeira & Fontes 52 
             cytisetosum purgantis Rivas‐Martínez 81 
Erica australis‐Bestände (Spalten 7 and 8 in Jansen 94) 
Cytisetea scopario‐striati Rivas‐Martínez 74 
  Cytisetalia scopario‐striati Rivas‐Martínez 74 
    Genistion floridae Rivas‐Martínez 74 
Querco‐Fagetea Br.‐Bl. & Vlieger in Vlieger 37 
  Quercetalia robori‐petraeae R. TX. (31) 37 
    Ilici‐Fagion Br.‐Bl. 67 
    Quercion robori‐pyrenaicae (occidentale) Br.‐Bl., P. Silva & Rozeira 56 corr. Rivas‐Martínez 75 
Pino‐Juniperetea Rivas‐Martínez 64 
  Pino‐Juniperetalia Rivas‐Martínez 64 
   Pino‐Juniperenalia Rivas‐Martínez et al. 87 
    Pino‐Cytision oromediterranei Rivas‐Martínez et al. 87 
     Pino‐Cytisenion oromediterranei Rivas‐Martínez et al. 87  
• Teucrio salviastri‐Echinospartetum pulviniformis Rivas‐Martínez 74 (included Spalte 1 in Jansen 94) 
• Lycopodio clavati‐Juniperetum nanae Br.‐Bl., P. Silva & Rozeira ex Rivas‐Martínez 70  
Juniperus alpina‐Bestände (Spalte 2 in Jansen 94) 
BC Cytisus oromediterraneus [Pino‐Cytision], variant 1 and 2 
     Genistenion baeticae Rivas‐Martínez (64) 71 
   Juniperenalia nanae Rivas‐Martínez et al. 87 
    Juniperion nanae Br.‐Bl. 39 
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Chapter 4 
Heide- und Zwerg-Wacholdervegetation in den höheren Stufen der Serra 
da Estrela (Portugal), unter besonderer Berücksichtigung des Potentillo-
Callunetum 
 
 
 
 
Hyla arborea in Dwarf juniper scrub 
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Abstract 
A preliminary syntaxonomic survey is presented of heathland and Dwarf juniper vegetation in 
the upper parts of Serra da Estrela (Portugal). Eleven types of vegetation are distinguished, on 
the basis of 233 relevés, by using classification techniques. Five types are assigned to the 
alliance Pino-Cytision (Pino-Juniperetea), three to the Ericion umbellatae (Calluno-Ulicetea) 
and three to the Genistion micrantho-anglicae (Calluno-Ulicetea). The vegetationtypes 
assigned to the last alliance are described in detail; they are attributed to the Potentillo-
Callunetum Rivas-Martínez 1981, although this association as well as the alliance are 
syntaxonomically poorly characterised in the study area. However from a synecological and 
synchorological point of view this attribution is justified. In the original description of the 
Potentillo-Callunetum, cryptogams were neglected; in the present study they are included. 
Three variants have been distinguished: one with Vaccinium myrtillus, one with Pycnothelia 
papillaria and one with Genista anglica. The floristic composition and its variation, the 
synecology and the topographic situation of each variant are dealt with. Major factors 
determining the variants are soil condition, altitude, topographic situation, grazing and 
burning. 
 
Erica australis shrub
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1 Einleitung 
Tüxen & Oberdorfer (1958, p.232) bemerkten schon vor mehr als 35 Jahren, daß NW-Iberien 
der Brennpunkt der Calluno-Ulicetea sei (derzeit auch einschließlich die Cytisus 
oromediterraneus- und Juniperus alpina-Bestände). Sie erkannten daß es noch längere Zeit 
und viele einzelne Untersuchungen bedürfe, bis die außerordentlich verwickelte Soziologie 
der iberischen Heiden erkannt und geordnet sein würde. Die Serra da Estrela nimmt eine 
besondere Stellung ein, weil ihre Heiden unter einem Gebirgsklima mit sowohl atlantischen 
als auch mediterranen Einflüßen stehen. Die Heiden sind in der Serra da Estrela besser 
entwickelt als in den östlichen Teilen des zentralen Scheidegebirges, welche stärkere 
kontinentale Züge haben. Die Heide und Zwerg-Wacholdervegetation der Serra da Estrela 
enthält nicht nur viele Zwergstrauch-Arten, sondern auch viele seltene Gefäßpflanzen, 
Kryptogamen und sogar einige endemische Arten. Wegen dieses Reichtums sowie ihrer 
geographischen Lage (eine der südlichsten Heiden Europas) stellt sie einen wichtigen 
Bestandteil des biogenetischen Netzwerkes der europäischen Heiden da. 
Nachdem das Gebiet schon im sechszehnten Jahrhundert von dem berühmten Botaniker 
Clusius (in Willkomm 1896) besucht wurde, 1689 von Tournefort (in Henriques 1889) und 
später u.a. auch von Link (1801), Avellar de Brotero (1804), Henriques (1883), Willkomm 
(1896) und Sampaio (1910), ist erst in den fünfziger Jahren von Braun-Blanquet, Pinto da 
Silva, Rozeira & Fontes (1952) die erste pflanzensoziologische Beschreibung dargestellt 
worden. Diese Beschreibung enthält zehn Pflanzengesellschaften, unter anderen eine Heide-
Gesellschaft, das sogenannte Junipereto-Ericetum aragonensis, und eine Zwerg-Wacholder-
Gesellschaft, „Groupement à Juniperus nana et Cytisus purgans‟. Die erste Gesellschaft 
wurde belegt mit acht Aufnahmen, die zweite mit einer nur ziemlich fragmentarischen 
Aufnahme. Braun-Blanquet und seine Mitarbeiter erkannten daß diese Ergebnisse nur 
vorläufig waren und riefen dazu auf, die Forschung zu intensivieren. Trotz 
pflanzensoziologischen Publikationen von Malato-Beliz (1955), Duvigneaud (1962), Rivas-
Martínez (1974) und Rivas-Martínez & Saenz de Rivas (1979) blieb nach Pinto da Silva & 
Teles (1980) „die Liste der Pflanzengesellschaften der Serra da Estrela noch immer die von 
Braun-Blanquet, Pinto da Silva, Rozeira & Fontes (1952)‟. Auch nach einer systematischen 
Übersicht von Rivas-Martínez (1981b) blieb die Anzahl der einschlägigen Aufnahmen 
immerhin gering. Außerdem bleibt in jener Übersicht nicht nur eine Anzahl von Gefäßpflan-
zen unerwähnt, sondern auch eine noch größere Anzahl von Flechten, Laub- und 
Lebermoosen. 
Die Kenntnis der heutigen Vegetation der Serra da Estrela ist von unmittelbarem Interesse für 
das Forschungsprojekt „Europäische Mittelgebirge‟ des Laboratoriums für Paläobotanik und 
Palynologie der Universität Utrecht (vgl. Van der Knaap & Janssen 1989). Dieses Projekt 
treibt die Erforschung der Vegetationsgeschichte in den hochmontanen und subalpinen Stufen 
der herzynischen Mittelgebirge in einem phytogeographischen und klimatologischen 
Gradienten voran (s. Abb.1). Die Studien hinsichtlich der aktuellen Vegetation dieses 
Gradienten bezogen sich bisher auf die Vogesen (De Valk 1981) und die Monts du Forez 
(Schaminée 1993). Die Serra da Estrela bildet zur Zeit das Hauptthema. Deshalb wurde zu 
einer ersten Orientierung der aktuelle Vegetation, die Serra da Estrela 1989 und 1990 bereist. 
Dies geschah zum Großteil unter der Leitung von Herrn Dr. W.O. van der Knaap, Mitarbeiter 
des Forschungsprojekts und guter Kenner der Flora und Vegetation. Während des 
Aufenthaltes wurden einige neue Flechten für Portugal gefunden (Aptroot et al. 1992); es 
stellte sich heraus daß eine gründliche Forschung notwendig war. 
Zusammen mit Hernn Prof. Dr. V. Westhoff wurde ein Forschungsplan erarbeitet, der als 
Hauptthema die syntaxonomische Fassung und synökologische Beschreibung der Heide- und 
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Zwerg-Wacholdervegetation vorsah. Die Forschung wurde 1991 und 1992 von der Reinhold- 
und Johanna-Tüxen-Stiftung gefördert. 
 
Abb. 1: Gebirge im Projekt „Europäische Mittelgebirge‟ nach Janssen (1989). 1 = Vosges, 2 = Monts du Forez, 
3 = Serra da Estrela, 4 = Sierra de la Cabrera Baja. 
2 Das Untersuchungsgebiet 
2.1 Geographische Lage und Abgrenzung 
Die Serra da Estrela (1993 m) ist das höchste Gebirge Portugals. Sie befindet sich in zentral-
ost Portugal in den politischen Distrikten Guarda und Castelo Branco (Abb. 2). Das Gebirge 
bildet zusammen mit der Serra do Açor (1340 m) und der Serra da Lousa (1204 m) den 
äußersten Westabschnitt des ONO. bis WSW. verlaufenden, ca. 500 km langen zentralen 
Scheidegebirges (Sistema Central) der iberischen Halbinsel. Das Sterngebirge (Estrela=Stern) 
erhebt sich zwischen den Tälern der Flüsse Mondego und Zêzere; es hat eine Länge von 
ungefähr 50 km und eine mittlere Breite von etwa 20 km. Auf dem breiten kuppenformigen 
Gipfel hat man einen Turm (Torre) errichtet um so 2000 m zu erreichen (Foto 1). Das Gebirge 
gehört fast völlständig zum 1976 errichteten Parque Natural da Serra da Estrela (101.060 ha). 
Das Untersuchungsgebiet befindet sich oberhalb 1600 m und umfaßt zirka 7000 ha (Abb. 2). 
Es wird etwa abgegrenzt durch folgende Felsburgen (penhas, fragas): die Fraga das Penhas 
(1668 m) im Norden, die Penha do Gato (1771 m) im Westen, die Terroeiro (1782) und 
Varanda (1709 m) im Süden, und die Curral do Vento (1658 m) im Osten. Unweit der Torre 
befinden sich drei auffällige, etwa 1900 m hohe Gipfel, auf denen fast ganzjährich Wasser 
entspringt; diese werden deshalb die Cântaros (Wasserkrüge) genannt (Foto 2).  
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Dwarf juniper scrub protected from the cold by snow cover 
 
2.2 Klimatische Bedingungen 
Wenn man bedenkt daß die Serra da Estrela ungefähr 100 km vom Atlantischen Ozean 
entfernt ist, dann wundert man sich nicht über die hohen Jahresniederschläge von 1916 mm 
(im Durchschnitt) gemessen über die Periode 1931-1960 auf der Wetterstation Penhas 
Douradas, die sich auf einer Höhe von 1383 m nur 3 km nördlich des Untersuchungsgebietes 
befindet (Amorin Ferreira 1965 in Tormo Molino et al. 1992). In den höheren Lagen des 
Gebirges wird dieser Wert wahrscheinlich die 2000 mm übersteigen. Ein Teil der 
Niederschläge fällt als Schnee. Bis in den frühen Sommer hinein kann man Schneeflecken an 
günstigen Lagen in den höheren Stufen beobachten. Weitere Angaben der Wetterstation 
zeigen mittlere Jahreswerte von 152 Tagen mit Nebel und 147 Tagen mit Niederschlag. Der 
mediterrane Einfluß zeigt sich durch eine hohe mittlere Jahressumme der Sonnenscheindauer 
(mehr als 2500 Stunden pro Jahr) und eine Trockenperiode im Sommer. Die 
Jahresmitteltemperatur beträgt 8, 9 °C, mit einem mittleren täglichen Minimum von - 0,4 °C 
im Januar und einem mittleren Tagesmittel von 17,2 °C im Juli. Tagsüber können die 
Temperaturen stark ansteigen, nachts aber stark sinken. Nur im Juli hat man auf der 
Wetterstation noch nie Temperaturen unter dem Gefrierpunkt gemessen. Zum Schluß sei 
erwähnt, daß es manchmal sehr heftige Winde gibt. An der relativ windgeschützten 
Wetterstation gibt es während 42 Tagen pro Jahr noch immer eine Windgeschwindigkeit von 
mehr als 55 km pro Stunde und die mittlere Tagesgeschwindigkeit ist mit 26 km pro Stunde 
eine der größten auf der iberischen Halbinsel (Linés Escardo 1970). Auf den 
windgepeitschten Gebirgskämmen im Untersuchungsgebiet liegen diese Werte noch höher. 
Nach Tormo Molino et al. (1992) gibt es auf der Wetterstation bioklimatische Bedingungen 
die im System von Rivas-Martínez (1981a, 1987) einem supramediterran-hyperhumiden 
Bioklima entsprechen. Das Bioklimasystem hat eine besondere ökologische Bedeutung, weil 
es versucht, bestimmte Vegetationsserien einschließlich ihrer Schlußgesellschaften mit dem 
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Klima zu verbinden. Die supramediterrane, bzw. oromediterrane Stufe der mediterranen 
Region korrespondiert etwa mit der montanen, bzw. subalpinen Stufe der eurosiberischen 
Region. Die supramediterrane Stufe in der Serra da Estrela umfaßt etwa die Klimaxserie der 
Quercetalia robori-petraeae und die oromediterrane Stufe umfaßt etwa die Klimaxserie der 
Pino-Juniperietalia. Im Untersuchungsgebiet liegt nach Rivas-Martínez (1981b) die Grenze 
zwischen beiden Thermoklimaten bei ungefähr 1650 m; dieses entspricht etwa der Grenze 
zwischen der von Pinto da Silva & Teles (1980) beschriebenen ‘andar intermedio’ und der 
‘andar superior’. Das Ombroklima dürfte wohl immer hyperhumid sein  (Jahresniederschlag-
mittelwert > 1600 mm). 
2.3 Geologische Verhältnisse und Böden 
Das Untersuchungsgebiet besteht aus Granit und war während die Würmeiszeit größtenteils 
von Gletschern bedeckt (Daveau 1971). Kare (Sg. Covão, Pl. Covões), somit einer Anzahl 
kleiner Seen und Wannen, Moränen, Rundhöckern mit Gletscherschliffen und erratische 
Blöcke zeigen auch heute noch die ehemalige Gletschertätigkeit. Periglaziale Formen wie 
Wollsäcke und Blockströme sind weit verbreitet; das Auftreten rezenter periglazialer 
Phänomene wurde von Brosche (1978) für die Zone oberhalb 1830 m beschrieben. Oberhalb 
1800 m fand Malkmus (1985) nicht selten Frost-Strukturböden. 
Die Böden des Plateaus und vor allem die Hänge sind, wegen starker Erosionsprozesse, im 
allgemeinen flachgründig oder fehlen sogar. Diese Erosionsprozesse werden vielfach durch 
den Menschen verstärkt (Brand, Beweidung); sie verlaufen durch die extremen 
Klimaverhältnisse (hohe Niederschläge, kräftige Winde, häufiger Frostwechsel im Winter, 
partieller Sommertrockenheit) schnell. So existieren weithin nur Mosaike von nackte 
Felsflächen mit Roh- und Mineralböden, die fast immer von grob- und feinkörnigem Quarzit 
aufgebaut sind und kaum Bodenbildungen zeigen. Fast immer kommt es zu Umlagerungen, 
die die Entwicklung hemmen. Nur an Standorten ohne Erosion (nahezu ebenes Relief, bzw. 
durchgehende Pflanzendecke) kann es zur Ausbildung von Gebirgsrankern kommen (Riedel 
1973). Unter Nardus-Rasen, die öfters in Mulden hervor treten, fanden Braun-Blanquet et al. 
(1952) und Malato-Beliz (1955) eine atlantische Variante der von Pallmann (1948) definierten 
Humussilikatböden. Diese Böden bestehen aus physikalisch verwittertem, chemisch aber 
kaum verändertem Gestein, das im Oberteil des Profils mit Humus vermischt ist. Es sind im 
Sinne Kubiënas (1953) alpine mullartige Ranker. Torfhaltige bis anmoorige Böden sind nur 
sehr kleinflächig da und zwar in Senken, an Moor- und Quellrändern oder am Rande kleiner 
Seen. 
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2.4 Geschichte und Nutzung 
Pollenanalysen von Romariz (1950) aus einer Höhe von 1600 m zeigen, daß es einst u.a. 
Pinus sylvestris und Taxus baccata in den Hochlagen gegeben hat. Aus den von Romariz 
erwähnten Daten geht nicht hervor ob diese Arten da bestandesbildend auftraten. Pinus 
sylvestris ist mittlerweile erloschen und innerhalb Portugals nur noch in die Serra da Geres zu 
finden (Da Graça Leitão Serra & De Lurdes de Serpa Carvalho 1989). Die offenen 
Zwergwacholder-Bestände der Serra da Estrela, die heute große Teile oberhalb 1650 m 
besiedeln, können möglicherweise als Ersatzgesellschaft eines ehemaligen Pinus sylvestris-
Waldes angesehen werden. In den kontinentaleren Ostabschnitten des zentralen 
Scheidegebirges finden sich bis über 2000 m Pinus sylvestris-Wälder mit Juniperus communis 
subsp. alpina im Unterwuchs, die, wie die Juniperus alpina-Gesellschaft der Serra da Estrela, 
zum oromediterranen Pino-Cytision gestellt wurden (Rivas-Martínez et al. 1987). Die 
Existenz eines ehemahligen Pinus sylvestris-Waldes als Klimaxgesellschaft der 
oromediterranen Stufe in die Serra da Estrela ist derzeit noch nicht gesichert, die der 
sommergrünen Quercetalia robori-petraeae Wälder der supramediterranen Stufe dagegen 
belegt (Rivas-Martínez 1979). Dabei dürfte das Holco mollis-Quercetum pyrenaicae 
(Quercion robori-pyrenaicae) als Klimaxgesellschaft etwa auf normalen Böden, das 
Saxifrago-Betuletum (Ilici-Fagion) auf feuchten Standorten beschränkt sein (Rivas-Martínez 
1981b). 
 
Die heutige Waldgrenze ist durch Schlag und Brand zur Weidegewinnung weit unterhalb des 
Untersuchungsgebietes herabgedrängt worden. Die Waldgrenze hat wahrscheinlich irgendwo 
oberhalb 1600 m gelegen; heutzutage wachsen einige kleinwüchsige Exemplare von Quercus 
pyrenaica (Foto 3) bis auf 1700 m, an vom Vieh unzugänglichen Steilhängen. 
Aus pollenanalytischen Untersuchungen in der Nähe von Lagoa Comprida auf einer Höhe von 
1600 m geht hervor, daß schon vor mehr als 4000 Jahren ein montaner Quercus-Betula-Wald 
dem Feuer zum Opfer viel und durch Heide ersetzt wurde (Van den Brink & Janssen 1985). 
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Ob der Mensch anfangs der Verursacher war, ist zweifelhaft, weil es durchaus möglich ist, 
daß Blitzeinschläge das Feuer veranlaßten, wie es während der Geländearbeit einmal 
beobachtet wurde. Es wurde nachgewiesen, daß der anthropogene Einfluß schon vor dem 
Eintreffen der Römer, also mehr als 2000 Jahre her, eingetreten war (Van den Brink & 
Janssen l.c.). Während der Geländearbeit haben wir in den Tälern einige riesige Waldbrände 
beobachtet und im Untersuchungsgebiet gab es viele Heidebrände. Es dürfte heute keine 
einzige Stelle ohne den Einfluß des Feuers geben (Braun-Blanquet et al. 1952). 
Die Ersatzgesellschaften der ehemaligen Waldungen der Quercetalia robori-petraeae gehören 
größtenteils zur Klasse Calluno-Ulicetea (Braun-Blanquet et al. 1964; Rivas-Martínez 1979). 
Sie sind seit dem Mittelalter oder vielleicht schon seit der Römerzeit dem System der jährlich 
über große Entfernungen vom Süden bis zum Norden, oder über kleinere Abstände von 
niedrigen nach höheren Gebirgsstufen, zurückkehrenden Wanderviehhaltung (Transhumanz) 
unterworfen und damit der Beweidung mit Schafen (Foto 4) und Ziegen ausgesetzt (Trindade 
1981, in Van den Brink & Janssen 1985). Die Migration von niedrigen nach höheren 
Gebirgsstufen findet auch heute noch statt, obwohl die Größe der Herden schrumpft 
(Martinho, 1981). Früher waren die großen Herden als Erosionsverursacher vielleicht eine 
Bedrohung für die Heide und Wacholdervegetation. Die Abnahme ihrer Größe konnte, wenn 
sie sich durchsetzt, zukünftig zu spontaner Vorwaldentwicklung führen. Allerdings würden 
die wiederholten Feuer diese Verbuschung entgegenwirken. 
Die aüßerste Höhengrenze der winzigen Roggenfelder liegt heute ungefähr bei 1600 m (Pinto 
da Silva & Teles 1980). Nach Batista (1982) sollte Sie im Mittelalter bis mindestens 1700 m 
gereicht haben. 
 
3 Methoden 
In den jahren 1989-92 wurde die Serra da Estrela insgesamt viermal bereist. In dieser Zeit 
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entstanden insgesamt 486 Vegetationsaufnahmen, darunter 286 von Zwergstrauchvegetation 
und 200 von offenen Gesellschaften, die sich mosaikartig zu jenen verhalten. 1990 und 1991 
wurden zusätzlich pro Phorophyt die Epiphyten aufgenommen; dies lieferte 175 
„Inventaraufnahmen‟ (vgl. Jansen 1993). 
Die vegetationskundliche Analyse wurde nach der Methode der Zürich-Montpellier-Schule 
(Braun-Blanquet 1964, Westhoff & Van der Maarel 1973) durchgeführt unter 
Berücksichtigung der durch Barkman et al. (1964) modifizierten Deckungsgradskala von 
Braun-Blanquet. Die Aufnahmen wurden im Computer eingeführt mit Hilfe des Programms 
TURBOVEG (Hennekens in prep.) und weiter verarbeitet mit TWINSPAN (Hill 1979), 
CEDIT (Van Tongeren 1991) und SHIFTTAB (Hennekens in prep.). 
Die Nomenklatur der höheren Pflanzen folgt der Flora iberica soweit erschienen (Castroviejo 
et al. 1985, 1990, 1993a,b), sonst der Nova Flora de Portugal, soweit erschienen (Franco 
1974, 1984) und übrigens der Flora Europaea V (Tutin et al. 1980), ausgenommen einiger 
Taxa, die im floristischen Anhang aufgeführt werden. Die Nomenklatur der Laubmoose folgt 
Corley et al. (1981) und Corley & Crundwell (1991), die der Lebermoose Grolle (1976), die 
der Flechten Clauzade & Roux (1985) und Egan (1987a, 1987b, 1989). 
Die geographischen Informationen sind den Karten der Serviços Cartográficos do exército 
(1946, 1970) und der IGC (1992) entnommen. 
4 Ergebnisse und Diskussion 
4.1 Allgemein 
Eine Übersicht der Heide- und Zwerg-Wacholdervegetation ist in Tab. 1 synoptisch 
dargestellt. Die syntaxonomische Zuordnung der einzelnen Vegetationseinheiten ist noch 
nicht eindeutig so daß derzeit nur eine vorläufige Einteilung gegeben werden kann. Die 
Spalten 9, 10 und 11 werden ausführlich hervorgehoben. Sie entsprechen dem von Rivas-
Martínez (1981b) beschriebenen Potentillo herminii-Callunetum. 
Die ersten 5 Spalten gehören alle zur Pino-Cytision oromediterranei (Klasse Pino-
Juniperetea). Dieser oromediterrane Verband umfaßt Gesellschaften auf Silikat in der 
carpetanisch-iberisch-leonesischen Provinz (Unterverband Pino-Cytisenion oromediterranei) 
und der nevadischen Provinz (Unterverband Genistenion baeticae). Das Pino-Cytision wurde 
als Syntypus der mediterranen Unterordnung Pino-Juniperenalia zugeordnet und damit 
abgetrennt vom Juniperion nanae, der als Syntypus zu den eurosiberischen Juniperenalia 
nanae gerechnet wurde (Rivas-Martínez et al. 1987). 
Die Spalten 6 bis 11 gehören zu den Calluno-Ulicetea. Die Aufnahmen der Spalten 6, 7, 8 
repräsentieren Gesellschaften die großflächig verbreitet sind, und zum Ericion umbellatae-
Verband gehören; die Gesellschaften der Spalten 9, 10, 11 sind dagegen kleinflächig 
verbreitet und gehören zum Genistion micrantho-anglicae. Beide Verbände sind auf die 
iberische Halbinsel beschränkt. 
Spalte 1 gehört zum xerophytischen Teucrio salviastri-Echinospartetum pulviniformis, eine 
auf den Sektor Estrela beschränkte und damit endemische Assoziation, die ziemlich 
kleinflächig in der oromediterranischen Zone auf exponierten Felskuppen und Felshängen mit 
überwiegender Südexposition vorkommt (Foto 5). 
Die Spalten 2 bis 5 gehören zu einer meist durch Juniperus communis subsp. alpina 
dominierten Vegetation, die in der oromediterranen Zone große Flächen einnimmt. Diese 
Bestände, deren syntaxonomische Bewertung vorläufig noch aussteht, wurden zuerst von 
Braun-Blanquet et al. (1952) als „Groupement à Juniperus nana et Cytisus purgans‟ und 
später von Rivas-Martínez (1970) als Lycopodio-Juniperetum beschrieben. 
Spalte 2 zeigt eine Ausbildung mit Cytisus oromediterraneus (früher Cytisus purgans 
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genannt) mit kontinentalen Zügen, die Affinität zeigt mit Cytisus oromediterraneus-
Beständen, die in den östlichen Teilen des zentralen Scheidegebirges vorkommen (Foto 6). 
Sie soll nicht verwechselt werden mit den fast reinen Beständen von Cytisus 
oromediterraneus, in denen Juniperus communis subsp. alpina in folge des Feuers nicht 
vorkommt. Derartige Bestände sind im Gebiet anzutreffen; sie bleiben hier jedoch außer 
Betracht. 
Spalte 3 zeigt eine Ausbildung mit Saxifraga spathularis. Sie ist reich an Moosen, wie 
Rhytidiadelphus loreus, Rhytidiadelphus triquetrus, Hylocomium splendens und Racomitrium 
lanuginosum. Es treten viele Kräuter hervor, die zum Teil aus dem Campanulo-Festucetum 
übergreifen, wie Festuca henriquesii (Endemit), Campanula herminii, Gentiana lutea (Foto 
7) und Leontodon pyrenaicus subsp. cantabricus. Silene ciliata und Luzula caespitosa sind 
Orophyten aus dem Minuartio-Festucion indigestae Rivas-Martínez 1963, ein Verband, der 
innerhalb der Juncetea trifidi Hadač & Klika 1944 zur Festucetalia indigestae Rivas Goday & 
Rivas-Martínezin Rivas-Martínez 1963 gerechnet wird. Die Bestände mit Saxifraga 
spathularis bevorzugen nordexponierte Hänge, die längere Zeit vom Schnee bedeckt werden. 
Die typische Ausbildung, die meist auf Verebnungen vorkommt, und dort vielfach ein Mosaik 
mit Borstgraswiesen des Galio-Nardetum oder offenen Pioniergesellschaften der Sedo-
Scleranthetea Br.-Bl. 1955 em. Th. Müller 1961 bildet, zeigt die Spalte 4 (Foto 8). 
Eine Ausbildung mit Erica australis (Spalte 5) stellt den Übergang zu den Erica australis-
Beständen dar. Veronica officinalis und Agrostis capillaris erreichen hier ihr Optimum; 
Saxifraga granulata und Arenaria montana vermitteln zur Spalte 6. 
Die Bestände der Spalten 6 bis 8 werden u.a. charakterisiert durch die Kombination von 
Luzula lactea mit den Zwergsträuchern Erica australis, Erica umbellata, Calluna vulgaris, 
Halimium lasianthum subsp. alyssoides und Juniperus communis subsp. alpina. Diese 
Bestände, deren syntaxonomische Bewertung noch nicht endgültig geklärt ist, wurden zuerst 
von Braun-Blanquet et al. (1952) und später durch Rivas-Martínez (1981b) als Junipero-
Ericetum aragonensis beschrieben. Die Bestände bilden vielfach Mosaike mit 
therophytenreichen Pionierfluren der Tuberarietea guttatae Br.-Bl. 1952 em. Rivas-Martínez 
1977 und Sedo-Scleranthetea. Diese offenen Fluren werden vor allem in den niedrigen 
Höhenlagen des Forschungsgebietes meist rasch von Halimium-Keimlinge besiedelt, wobei es 
nicht selten zur Dominanz von Halimium-Sträuchern kommt. Diese von Halimium lasianthum 
subsp. alyssoides dominierte Vegetation bleibt hier außer Betracht. 
Spalte 6 repräsentiert eine Ausbildung mit Arenaria montana, die zu Juniperus alpina-
Bestände vermittelt, und sich öfters an Hänge befindet, wo Erica arborea sich meistens 
besonders gut entwickelt. Erica arborea hat einen weiten ökologischen Bereich; diese im 
Untersuchungsgebiet bis mehr als 2 m hochwächsige Ericaceae bevorzugt Hänge und feuchte 
Stellen. Diese Bedingungen findet man nicht nur in bestimmten Ausbildungen aller 
einschlägigen Verbände, sondern auch im Cytiso striati-Genistetum (floridae) polygaliphyllae 
Rivas-Martínez 1981 (Cytisetea scopario-striati Rivas-Martínez 1974), daß sich unterhalb der 
1600 m Höhengrenze vor allem an Nordhängen profiliert. Innerhalb des Ericion umbellatae 
wurde ein derartiges ökologisches Verhalten in einer vikariierenden Gesellschaft (Rivas-
Martínez 1979), und zwar dem Genistello tridentatae-Ericetum aragonensis, durch mehrere 
Autoren beobachtet (Braun-Blanquet et al. 1964, Nieto Feliner 1985). 
Spalte 7 zeigt eine Ausbildung mit Erica umbellata und Halimium lasianthum subsp. 
alyssoides, die vielfach auf Ebenen vorkommt. Dort ist der Boden meistens etwas besser 
gegen Erosion geschützt; lokal kann es hier zur nennungswerten Bodenentwicklung kommen. 
Zwergsträucher wie Erica umbellata, Halimium lasianthum subsp. alyssoides und machmal 
Chamaespartium tridentatum prägen öfters den Aspekt. Diese Ausbildung ist besonders reich 
an Kryptogamen (einschließlich viele Epiphyten) (Foto 9 und 10) und besonders arm an 
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Kräutern. 
In Spalte 8 wird der Aspekt gebildet von Cytisus oromediterraneus (Foto 11). Diese Bestände 
finden sich größtenteils in den östlichen Teilen des Gebirges. Sie werden in der 
oromediterranen Zone durch eine Ginster-Wacholder-Heide abgelöst, wie in Spalte 2 
dargestellt. 
Die Spalten 9 bis 11 lassen sich als Varianten des Potentillo-Callunetum auffassen und 
gehören damit den Genistion micrantho-anglicae an. Sie werden im folgenden ausführlich 
erörtert.  
 
 
 
 
 
 
Carpet of the moss Antitrichia curtipendula below Juniperus communis subsp. alpina 
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4.2 Potentillo herminii-Callunetum Rivas-Martínez 1981 
4.2.1 Floristische Zusammensetzung 
Tabelle 2 zeigt 35 Vegetationsaufnahmen vom Potentillo-Callunetum. Diese Gesellschaft läßt 
sich im Untersuchungsgebiet leicht durch das stete Vorkommen von Calluna vulgaris 
erkennen, sowie von einigen Nardetea-Arten, wie Potentilla erecta var. herminii, Juncus 
squarrosus, Nardus stricta. Diese Arten sind mit Ausnahme von Calluna meistens zahlreicher 
in den im Gebiet auftretenden Borstgrasrasen oder sogar in Braunseggensümpfen; sie können 
deshalb nur in Kombination mit dem Heidekraut als charakteristisch bezeichnet werden. 
Calluna vulgaris erreicht hier zwar sein Optimum, ist aber ebenso Mitbilder der Erica 
australis-Bestände und daher nicht auf unsere Gesellschaft beschränkt. Die Bestände werden 
außerdem schwach durch Polytrichum formosum, Polytrichum commune, Narcissus 
bulbocodium subsp. bulbocodium und Polygala serpyllifolia charakterisiert, die etwa alle ein 
ähnliches Verhalten haben wie die schon erwähnte Nardetea-Arten, aber weniger frequent 
auftreten. Aulacomnium palustre und Sphagnum compactum dürften wohl primär in den 
Sumpfgesellschaften oder feuchten Borstgrasrasen (des Junco squarrosi-Spagnetum 
compacti) hineingehören. Das Verhalten von Myrendera pyrenaica ist nicht eindeutig, da sie 
nicht nur auf den Calluna-Beständen beschränkt ist. 
Es lassen sich drei Varianten unterscheiden, und zwar eine mit Vaccinium myrtillus, eine mit 
Pycnothelia papillaria und eine mit Genista anglica. 
Die erste Variante zeichnet sich aus durch Vaccinium myrtillus, Pleurozium schreberi, Galium 
saxatile, Sphagnum capillifolium, Rhytidiadelphus triquetrus, Hypnum cupressiforme und 
Gentiana pneumonanthe. Vaccinium myrtillus hat im Untersuchungsgebiet in diesen Calluna-
Beständen einen klaren Schwerpunkt. Die Heidelbeere erreicht in der Serra da Estrela die 
Südwestgrenze ihres Areals (Braun-Blanquet 1945). Die übrigen oben erwähnten Arten 
dagegen tauchen gelegentlich auch in anderen Zwergstrauch-Gesellschaften auf. Juniperus 
communis subsp. alpina und vor allem Erica arborea bilden zum größten Teil den Aspekt der 
Strauchschicht. Auf Angaben des früheren Chauffeurs von Herrn Prof. Dr. Arnaldo Rozeira, 
Herrn José Loreiro Martins, konnte in dieser Variante, die für Portugal auf die Serra da 
Estrela beschränkte, sehr seltene Lycopodium clavatum lokalisiert werden. Es läßt sich weiter 
eine artenreiche Subvariante unterscheiden mit einigen Orophyten, wie Leontodon pyrenaicus 
subsp. cantabricus, Campanula herminii, Murbeckiella boryi und Saxifraga spathularis.  
Die flechtenreiche Variante mit Pycnothelia papillaria unterscheidet sich durch die Dominanz 
von Calluna vulgaris in Verbindung mit Pycnothelia papillaria, Trapeliopsis granulosa, 
Sedum brevifolium, Coelocaulon aculeatum, u. a. (s. Tab. 2). Alle diese Arten sind im 
Untersuchungsgebiet ziemlich allgemein verbreitet, vor allem in offenen Sandtrockenrasen 
und Felsgrusfluren, so daß auch hier die charakteristische Artenkombination ausschlaggebend 
ist. 
Die dritte Variante wird durch Genista anglica charakterisiert, eine Art, die ziemlich selten 
außerhalb dieser Variante vorkommt und zwar in den Erica australis-Beständen. Hinzu 
kommen die Ericaceae Erica umbellata und Erica australis und sporadisch noch einige 
Zwergsträucher, die sich auch in den Erica australis-Beständen finden. Die Flechten 
Cladonia macilenta und Cladina portentosa können als Trennarten betrachtet werden. 
Auffällig ist, im Vergleich mit den beiden anderen Varianten, daß Juniperus communis subsp. 
alpina nur ziemlich selten und wenn schon, dann meistens mit niedrigen Deckungswerten 
vorkommt. 
1988 ist in der Calluna-Heide von Herrn Dr. Pim van der Knaap eine Thymelaea-Art 
gefunden worden, die zuerst als neue Art gewertet wurde, aber erst viel später durch Dr. Jorge 
Paiva, Hauptmitarbeiter der Flora iberica, als Thymelaea dendrobryum erkannt wurde 
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(persönliche Mitteilung Dr. Jorge Paiva). 1990 habe ich am einzigen Fundort von Thymelaea 
dendrobryum eine Vegetationsaufnahme gemacht. Leider war die Heide an Ort und Stelle 
einige Zeit vorher durch einen Kleinbrand betroffen, wodurch die Strauchschicht zerstört war 
und die Aufnahme nur als Pionierphase bewertet werden kann und deshalb nicht in der 
Tabelle angeführt wird. Ich möchte sie hier vorstellen: 
 
Pionierphase in abgeflämmter Calluna-Heide am Rande eines Borstgrasrasens.Datum: 05-07-
1990. Meereshöhe 1540 m; Exposition SO; Inklination 10 .Krautschicht 5 %; 2-5 cm; 
Moosschicht < 5 %. Auf etwa 50 cm tiefen, braun bisschwarz gefärbter anmoorigen Boden, 
der an die Oberfläche trocken, aber inden tieferen Lagen frisch bis feucht ist und von grob- 
und feinkörnigem Quartzitbeigemischt ist. Calluna vulgaris ist meist abgetötet und hat einen 
Bedeckungswert von 3-4. 
 
Calluna vulgaris (lebendig)   1 
Thymelaea dendrobryum   2m 
Thymelaea dendrobryum (Keimling) + 
Juncus squarrosus     1 
Nardus stricta      1 
Potentilla erecta var. herminii  1  
Merendera pyrenaica    2m 
Agrostis truncatula subsp. truncatula 1 
Aira praecox      1 
Rumex acetosa subsp. angiocarpus + 
Festuca summilusitana    + 
Molineriella laevis     r 
Polytrichum juniperinum    2m 
Racomitrium canescens    + 
Cladonia pyxidata     + 
  
4.2.2 Syntaxonomie 
Die Bestände von Potentilla erecta var. herminii und Calluna vulgaris sind von Rivas-
Martínez (1981b) als Potentillo herminii-Callunetum beschrieben worden und aus floristisch-
ökologischer Sicht im Genistion micrantho-anglicae (Ulicetalia minoris) eingeordnet worden. 
Das Potentillo-Callunetum ist schwach gekennzeichnet; die Assoziation (die nur aus der Serra 
da Estrela bekannt ist und daher vermutlich als Gebietsassoziation betrachtet werden soll) ist 
arm an Kennarten und wird eigentlich nur durch Potentilla erecta var. herminii 
charakterisiert. Man kann diese Gesellschaft nach der sogenannten deduktiven Methode 
(Kopecký & Hejný1974, 1978; s. auch Schaminée et al. 1991) auch als eine Basalgesellschaft 
beschreiben. Rivas-Martínez (l.c.) versucht ihre Artenarmut durch die immer wiederkehrende 
Brände zu erklären. Im Untersuchungsgebiet läßt sich das Potentillo-Callunetum deutlich von 
den übrigen Gesellschaften, durch das stete Vorkommen von Calluna vulgaris in Verbindung 
mit Juncus squarrosus, Potentilla erecta var. herminii und Nardus stricta unterscheiden. Von 
den übrigen Assoziationen des Genistion micrantho-anglicae unterscheidet es sich durch 
Potentilla erecta var. herminii, die hohe Präsenz von Erica arborea und eine Reihe von 
Kryptogamen die aber in die Aufnahmen der einschlägigen Assoziationen von deren Autoren 
nicht mit einbezogen wurden. 
Nicht nur diese Assoziation des Verbandes ist floristisch schwach charakterisiert, sondern 
auch der Verband selber; zu mindest so weit es die Serra da Estrela anbelangt. Als 
Verbandskennarten kommen nur Genista anglica und selten Thymelaea dendrobryum vor. 
Genista anglica ist vielleicht nur in den südlicheren Teilen der iberischen Halbinsel als 
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Charakterart des Genistion micrantho-anglicae zu bewerten (vgl. Rivas-Martínez 1979). In 
Mitteleuropa ist sie zusammen mit Lycopodium clavatum Charakterart des Genisto-Callunion 
(Pott 1992). In diesem Verband fehlen aber südliche Arten wie Halimium lasianthum subsp. 
alyssoides, Erica australis, Erica umbellata oder Erica arborea. 
Trotzdem gibt es ausreichende ökologische und chorologische Gründe um diese Gesellschaft 
im Genistion micrantho-anglicae einzugliedern. Das Genistion micrantho-anglicae hat nach 
Rivas-Martínez (1979) einen hygrophytischen Charakter, wie auch unsere Gesellschaft. Aus 
diesem Gründe ist das Genistion micrantho-anglicae zum Großteil auf Gebirge mit hohen 
Niederschläge in der carpetanisch-iberisch-leonesischen Provinz beschränkt (Rivas-Martínez 
1981b). Der Sektor Estrela gehört zu dieser Provinz. Erica tetralix tritt öfters mit Genista 
anglica vergesellschaftet in Feuchtheiden im Norden der iberischen Halbinsel auf (Rivas-
Martínez 1979, Barendrecht & Van den Dries 1984). Die Art geht im Süden, also an der 
Grenze ihres Areals, zusammen mit Genista anglica bis in das Genistion micrantho-anglicae. 
Im benachbarten Sierra de Gata (Sektor Salmantino) kommt es lokal sogar zu 
fragmentarischen Beständen des Genisto anglicae-Ericetum tetralicis, einer dem Genistion 
micrantho-anglicae angehörigen Gesellschaft (Valdéz Franzi 1984). Wo die Bestände dieses 
Verbandes an Torfmoosgesllschaften grenzen, dringen einige übergreifende Arten der 
Nardetea und der Oxycocco-Sphagnetea in jene Bestände ein, wie es auch in unserer 
Gesellschaft der Fall ist. Weil es nur einen mäßig hygrophytischen Verband darstellt, wird das 
Genistion micrantho-anglicae in die Calluno-Ulicetea eingegliedert und nicht in die 
Oxycocco-Sphagnetea, wie es nördlich der Pyrenäen mit Erica tetralix-Beständen üblich ist. 
Rivas-Martínez (1979) betrachtet Erica tetralix sogar als Charakterart der Ulicetalia minoris. 
Im Süden gewinnt der mediterrane Einfluß an Gewicht, wodurch die Vegetation schneller der 
Gefahr des Austrocknens ausgesetzt ist und mesophile Arten sich in die Bestände mischen 
können, wie es tatsächlich beim Potentillo-Callunetum der Fall ist. Sie sehen, daß sich diese 
Gesellschaft trotz ihr floristischen Armut durchaus ohne große Schwierigkeiten im Genistion 
micrantho-anglicae eingliedern läßt. 
Die Ausbildungen werden als Varianten des Potentillo-Callunetum (Genistion micrantho-
anglicae) wie folgt zugeordnet: 
* Potentillo-Callunetum, Variante mit Vaccinium myrtillus 
* Potentillo-Callunetum, Variante mit Pycnothelia papillaria 
* Potentillo-Callunetum, Variante mit Genista anglica. 
Zum Schluß sei erwähnt, daß das ökologische Verhalten unserer Gesellschaft dem des 
Juncion squarrosi überraschend ähnlich ist. Dieser Verband, der auf sauren Anmoorböden 
wächst, nimmt eine bezeichnende Übergangsstellung zwischen der Klasse der Nardo-
Callunetea, der Scheuchzerio-Caricetea nigrae sowie der Oxycocco-Sphagnetea ein 
(Oberdorfer 1978). Auffälligerweise sind alle für diesen Verband charakteristische Arten in 
der Krautschicht unserer Gesellschaft da: Juncus squarrosus, Pedicularis sylvatica, Polygala 
serpyllifolia und Sphagnum compactum. Calluna vulgaris ist nicht selten im Juncion 
squarrosi, dagegen fehlen aber die anderen (südlich verbreiteten) Sträucher. 
Ein künftiges Forschungsthema sollte sich mit der Abgrenzung der Feuchtheiden der 
Oxycocco-Sphagnetea, hygrophilen Ausbildungen der Calluno-Ulicetea, Nardetea und sogar 
der Scheuchzerio-Caricetea nigrae befassen, nicht nur lokal in der Serra da Estrela, sondern 
vor allem überregional auf der iberischen Halbinsel (vgl. Tüxen & Oberdorfer 1958). 
4.2.3 Synökologie 
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Das Potentillo-Callunetum ist eine hygrophytische Gesellschaft auf kleinen Flächen im 
Estrela-Gebirge. Diese Kleinflächigkeit ist wohl auf die sommerliche Trockenzeit zurück zu 
führen, die bewirkt, daß Böden großflächig fast ganz austrocknen. Deshalb trifft man diese 
Gesellschaft in Mulden auf stark humosen bis torfhaltigen, manchmal anmoorigen Böden, die 
das Wasser einigermaßen speichern, wie z.B. an Moor- und Quellrändern, oder am Rande 
tiefgründiger Borstgrasrasen, und manchmal in unmittelbarer Nähe von offenem Wasser 
(kleine Seen, Bachläufe mit geringem Gefälle). 
Die Variante mit Genista anglica findet sich zum Großteil in der supramediterranen Stufe, 
während die beiden anderen Varianten sich meistens in der oromediterrane Stufe befinden. 
Das erklärt auch die Überlagerung des Ericion umbellatae in der Variante mit Genista anglica 
und des Pino-Cytision in beiden anderen Varianten. Das stete Auftreten einiger Nardetea-
Arten zeigt die Verbindung mit den Borstgraswiesen, die intensiver beweidet werden. 
Die Variante mit Vaccinium myrtillus befindet sich vor allem an feuchten Hängen und entlang 
kleiner Seen (Foto 12). Die Variante mit Pycnothelia papillaria findet sich meistens auf 
Ebenen (Foto 13) und die Variante mit Genista anglica auf Ebenen am Rande der 
Borstgrasrasen. 
Das Potentillo-Callunetum wird unregelmäßig von Hirten geflämmt. Weil es sich meistens 
um kleine Flächen handelt und die Böden relativ gut mit Wasser versorgt sind, bleiben die 
Temperaturen relativ niedrig und die Rohhumusauflage wird nicht tiefgründig zerstört. Unter 
diesen Umstände kann Calluna vulgaris sich durch Stockausschläge wieder schnell ausbreiten 
(Gimingham 1981). Eigene Beobachtungen bestätigen, daß auch die übrigen Ericaceae und 
die Ginster-Arten diese Möglichkeit haben (vgl. Braun-Blanquet 1964, Tarrega et al. 1990, 
Walter & Breckle (1991) (Foto 14). Dagegen wird Juniperus communis subsp. alpina 
ziemlich schnell durch das Feuer abgetötet (vgl. Poore & Mc Vean 1957, Rodwell 1991, 
Sánchez-Mata 1989) (Foto 15). 
Die Ausbildung mit Vaccinium myrtillus dürfte ein fortgeschrittenes Entwicklungsstadium 
sein, wobei das Heidekraut von Erica arborea und Juniperus communis subsp. alpina 
verdrängt worden ist. Die hohe Strauchschicht schützt Vaccinium myrtillus, ebenso wie die 
bedeutende Moosschicht gegen starke Erwärmung. Sphagnum capillifolium wächst z.B. 
primär an leicht schattigen Standorten (Daniels & Eddy 1985). Schnee dürfte im Winter eine 
bedeutende Rolle spielen, weil einige Stichproben in die anwesende kryptogame 
Epiphytenvegetation zum Buellia erubescens-Cladonia pyxidata-Typ führten (Jansen 1993). 
Diese Synusie zeigt deutliche Affinität mit dem Parmeliopsidetum ambiguae, die einzige 
chionophytische Assoziation der Hypogymnietalia physodo-tubulosae (Barkman 1958). 
Hirten benutzen im allgemeinen das Feuer an Hängen, um Wege für ihre Herden offen zu 
halten, in Tälern und Tälchen aber, um die Zwergstrauchvegetation in Borstgrastriften 
umzuwandeln. Wenn das Feuer unter Umständen außer Kontrolle gerat, können vor allem an 
Hängen viele Hektare verbrennen. Durch Brand können auch Flechtenpopulationen vernichtet 
werden (Pott & Hüppe 1991). Bei der provisorischen Erfassung der kryptogamen Epiphyten 
(Jansen 1993) stellte sich heraus, daß es nur in der Variante mit Vaccinium myrtillus ziemlich 
viele epiphytischen Flechten gab (4 Stichproben); in den übrigen Varianten wurden in 10 
Stichproben nur zwei fragmentarische Synusiae gefunden (vgl. Tab. 2). Feuer und/oder 
Beweidung dürfte diese relative Epiphyten Armut veranlassen. 
Die flechtenreiche Ausbildung mit Pycnothelia papillaria befindet sich meistens an mehr oder 
weniger flachen Stellen, die wahrscheinlich öfters von Herden aufgesucht werden. 
Auffälligerweise liefert Erica arborea hier einen relativ kleinen Anteil an der totalen 
Bedeckung, während Juniperus communis subsp. alpina und Calluna vulgaris zur Dominanz 
gelangen. Es könnte sein, daß diese Bestände öfters dem Feuer unterworfen sind als die 
Variante mit Vaccinium myrtillus, da es potentielle Nardus-Wiesen sind. Auch der hohe 
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Präsenzwert von Trapeliopsis granulosa spricht dafür (Gimingham 1972, Legg et al. 1992). 
Der relativ hohe Anteil von Juniperus communis subsp. alpina widerspricht jedoch dieser 
Hypothese. Die Bestände befinden sich meist auf stark windexponierten Flächen, an denen 
der Wind die Äste schert; niedrigwachsende Sträucher wie Calluna vulgaris und Juniperus 
communis subsp. alpina sind hier im Vorteil, die hochwüchsige Erica arborea im Nachteil. 
Möglicherweise spielt die Verteilung der Schneedecke auch eine Rolle, weil eine relativ 
geringe Schneedecke die niedrigwachsenden Arten schon bedeutend gegen die Kälte schützt. 
Im Sommer sind hier die Pflanzen allerdings der Sonne ausgesetzt, im Gegensatz zu der 
relativ schattenreichen Variante mit Vaccinium myrtillus. Deshalb gibt es weniger Kräuter, 
dagegen aber mehr Flechten. Vor allem die krustformigen Arten, die sich dem Boden dicht 
anschließen sind häufig, wie Pycnothelia papillaria, Trapeliopsis granulosa und Lepraria 
neglecta; diese Arten dringen auch in offene Pioniergesellschaften der Sedo-Scleranthetea 
ein.  
Die Variante mit Genista anglica wird wohl am stärksten beweidet und geflämmt. Sie liegt 
meistens am Rande der Borstgraswiesen, die im Sommer durch zahlreiche Herden besucht 
und oft durch den Hirten abgebrannt werden. Genista anglica wird nur schwach verbissen und 
deshalb durch Beweidung gefördert (Pott & Hüppe 1991). 
Wenn die Feuer großflächiger sind bzw. unter trockenen Umständen stattfinden (vor allem im 
Sommer während der Trockenzeit) kann die organische Substanz im Boden zerstört werden 
(Radley 1965, Maltby 1980 in Legg et al. 1992); vor allem an Hängen ist sie der Erosion 
ausgesetzt. Die Sträucher werden bei solchen Großbrände abgetötet und können nur als 
Keimlinge den Raum neu besiedeln. In den folgenden Jahren werden sich wohl zuerst 
therophytenreiche Gesellschaften entwickeln. Wenn der Boden fast völlig verschwunden ist, 
wird es lange dauern bis sich wieder eine zwergstrauchreiche Gesellschaft bildet. In England 
darf vom 1. November bis 31. März geflämmt werden. Es wird empholen um nur kleine 
Flächen abzubrennen (Gimingham 1981). Diese Art und Weise ist möglicherweise für die 
Estrela auch geeignet, weil die Böden in dieser Periode meistens feucht sind. In wie weit dies 
Folgen für die Tierwelt hat, sollte näher untersucht werden.  
Werden die Beweidung und das Abflämmen eingestellt, dann dürften sich wenigstens in der 
supramediterrane Stufe, auf ausreichend tiefen Böden, Quercetalia robori-petraeae Wälder 
entwickln (Braun-Blanquet et al. 1964, Rivas-Martínez 1981b). 
Syntaxonomische Übersicht 
Scheuchzerio-Caricetea nigrae (NORDHAGEN 1936) R. TX. 1937 
 Caricion nigrae W. KOCH 1926 em. KLIKA 1934 
  Junco squarrosi-Sphagnetum compacti BR.-BL., P. SILVA, ROZEIRA ET FONTES 1952 
Oxycocco-Sphagnetea BR.-BL. & R. TX. 1943 em. DU RIETZ 1954 
 Eriophoro vaginati-Sphagnetalia papillosi R. TX. 1970 apud R. TX., MIYAWAKI & FUJIWARA 1972 em. JULVE 1993 
 Calluno-Sphagnion papillosi (SCHWICKERATH 1940) R. TX. 1970 apud R. TX., MIYAWAKI & FUJIWARA 1972 
Nardetea strictae (OBERD. 1949) RIVAS GODAY in RIVAS GODAY & RIVAS-MARTíNEZ 1963 
 Nardetalia strictae PREISING 1949 
 Campanulo herminii-Nardion RIVAS-MARTíNEZ 1963 
  Galio saxatili-Nardetum BR.-BL., P. SILVA, ROZEIRA ET FONTES 1952 
  Campanulo herminii-Festucetum henriquesii RIVAS-MARTíNEZ 1981 
 Juncion squarrosi (NORDH. 1937) OBERD. 1957 em. 1978 
Calluno-Ulicetea BR.-Bl. et R. TX. 1943 
 Ulicetalia minoris QUANTIN 1935 (Syn. Calluno-Ulicetalia (QUANTIN 1935) R. TX. 1937) 
 Ericion umbellatae BR.-BL., P. SILVA, ROZEIRA ET FONTES 1952 
  Junipero nano-Ericetum aragonensis BR.-BL., P. SILVA, ROZEIRA ET FONTES 1952 
  Erica australis-Bestände (Spalten 6, 7, 8) 
  Genistello tridentatae-Ericetum aragonensis ROTHMALER 1954 em. RIVAS-MARTíNEZ 1979 
 Genistion micrantho-anglicae RIVAS-MARTíNEZ 1979 
  Potentillo herminii-Callunetum vulgaris RIVAS-MARTíNEZ 1981 (incl. Spalten 9, 11, 12) 
  Thymelaeo dendrobryi-Genistetum carpetanae RIVAS-MARTíNEZ 1979 
  Genisto anglicae-Ericetum tetralicis RIVAS-MARTíNEZ 1979 
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 Genisto-Callunion BöCHER 1943 
Pino-Juniperetea RIVAS-MARTíNEZ 1964 
 Pino-Juniperetalia RIVAS-MARTíNEZ 1964 
 Pino-Juniperenalia RIVAS-MARTíNEZ et al. 1987 
 Pino-Cytision oromediterranei RIVAS-MARTíNEZ 1964 corr. RIVAS-MARTíNEZ et al. 1987 (Syn. Genistion purgantis R. TX. in R. TX.  & 
OBERD. 1958 nomen dubium, p.p.; Junipero nanae-Cytision purgantis Br.-Bl., P. Silva & Rozeira 1961 nomen dubium, p.p. min.) 
  Pino-Cytisenion oromediterranei RIVAS-MARTíNEZ et al. 1987 
  Teucrio salviastri-Echinospartetum pulviniformis RIVAS-MARTíNEZ 1974 (incl. Spalte 1) 
  Lycopodio clavati-Juniperetum nanae Br.-Bl., P. Silva & Rozeira ex RIVAS-MARTíNEZ 1970 
  Juniperus alpina-Bestände (Spalten 2, 3, 4, 5) 
  Genistenion baeticae RIVAS-MARTíNEZ (1964) 1971 
 Juniperenalia nanae RIVAS-MARTíNEZ et al. 1987 
 Juniperion nanae BR.-BL. 1939 
Querco-Fagetea BR.-BL. & VLIEGER in VLIEGER 1937 
 Quercetalia robori-petraeae R. TX. (1931) 1937 
 Ilici-Fagion Br.-Bl. 1967 
  Saxifrago spathulari-Betuletum celtibericae RIVAS-MARTíNEZ 1981 
 Quercion robori-pyrenaicae (occidentale) Br.-Bl., P. Silva & Rozeira 1956 corr. RIVAS-MARTíNEZ 1975 
  Holco mollis-Quercetum pyrenaicae Br.-Bl., P. Silva & Rozeira 1956 
 
Es sei darauf hingewiesen das von Rivas-Martínez (1979) zwei neue Unterverbände beschrieben worden sind, 
nämlich das Ericenion umbellatae und das Ericenion aragonensis. Damit wollte er die mehr oder weniger am 
mesomediterranen Thermoklima gebundenen Gesellschaften des Ericenion umbellatae abtrennen vom 
supramediterranen Ericenion aragonensis. Diese Trennung ist leider nicht gültig (Díaz Gonzalez & Fernández 
Prieto 1993). 
 
Floristischer Anhang 
 
Die folgende Liste enthält Pflanzennamen mit Referenzen, die nicht der Flora iberica, Nova 
Flora de Portugal, oder die Flora Europaea folgen. 
Agrostis truncatula Parl. subsp. truncatula Romero García in Ruizia 7: 137 (1988). 
Cytisus oromediterraneus Rivas-Martínez, Díaz, Prieto, Loidi & Penas in Los Picos de Europa: 264, (1984). 
Deschampsia flexuosa (L.) Trin. subsp. iberica Rivas-Martínez in Anal. Inst. Bot. Cavanilles 21: 297, (1963). 
Echinospartum ibericum subsp. pulviniformis (Rivas-Martínez) Rivas Martínez in Lazaroa 7: 111, (1987). 
Festuca summilusitana Franco & Rocha Afonso in Bol. Soc. Brot., sér. 2, 54: 94-95, (1980). 
Gagea soleirolii (F.W. Schultz) Bayer & López González in Bot. Chron. 10: 847-848, (1991). 
Potentilla erecta (L.) Räusch. var. herminii Fic. in Flora de Portugal (2.ª ed.): 367 (1974). 
Thymelaea dendrobryum Rothm. (pers. Mitt. Prof. Dr. Jorge Paiva, Coimbra) 
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Chapter 5 
Übersicht der Silikatschutt-Vegetation in den höheren Stufen der Serra da 
Estrela, Portugal 
 
 
 
 
Block streams on western slope of Alto da Pedrice 
 
 
 
 
 
 
Chapter 5 is substantially similar to the paper: 
 
Jansen J 1998 Übersicht der Silikatschutt-Vegetation in den höheren Stufen der Serra da 
Estrela, Portugal. Berichte der Reinhold-Tüxen-Gesellschaft 10: 95-124. 
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Abstract 
A syntaxonomic survey is presented of the vegetation of siliceous screes and a related plant 
community in the upper parts of Serra da Estrela (Portugal). Five plant communities are disting-
uished. Four of them are assigned to the order Androsacetalia alpinae (class: Thlaspietea 
rotundifolii), of which three belong to the alliance Linario saxatilis-Senecionion carpetani and 
one to the alliance Dryopteridion oreadis. The Cryptogrammo-Dryopteridetum oreadis Rivas-
Martínez in Rivas-Martínez & Costa 1970 nom. mut. is assigned to the latter; the rankless 
community dominated by Trisetum hispidum, the Sileno foetidae-Rumicetum suffruticosi 
(Rivas-Martínez) Jansen ass. nov. and the Digitali carpetanae-Leontodontetum bourgaeani 
Jansen ass. nov. to the former. 
The Violetum langaeanae Ortiz & Marcos Samaniego1989, which initially was assigned to the 
Thlaspietea rotundifolii, is here considered an association of the Koelerio-Corynephoretea. 
All five plant communities are discussed with respect to floristic composition, syntaxonomy, 
synecology and distribution. 
 
 
 
 
Scree vegetation: Process of shoot bending (drawn by António Correia after Reisigl & Keller 1994) 
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1. Einleitung 
1.1 Allgemein 
In der vorliegenden Arbeit werden erste Ergebnisse einer Reihe von Teiluntersuchungen 
dargestellt, die in einigen bisher kaum erforschter Biotopen in den höheren Stufen der Serra da 
Estrela durchgeführt wurden und zwar im Rahmen eines Forschungsprogramms, daß im 
Auftrag des Parque Natural da Serra da Estrela. 
Die Untersuchung der Silikatschutt-Vegetation erfolgte größtenteils 1994, also zwei Jahre nach 
meiner Erforschung der Heide- und Zwergwacholdervegetation (Jansen 1994a). 
Im Rahmen des Programms der Europäischen Union „das Schutzgebietsnetz Natura 2000‟ 
konnte in den Jahren 1996 und 1997 ein Inventar des etwa 1000 km2 großen Parks erstellt 
werden (Jansen 1997). Dabei wurden insgesammt mindestens 36 nach Habitatrichtlinie 
gefährdeten Biotoptypen festgestellt, zu denen auch die sogenannte West-Mediterrane 
Schuttvegetation („FFH‟-Code 8130 in Commission Européenne 1995, CORINE-Nummern 
61.37, 61.38 in Corine Biotopes Manual 1991) gehört, die in der vorliegenden Arbeit vorgestellt 
wird. 
Bisher ist zweimal über die Thlaspietea-Gesellschaften der Serra da Estrela berichtet worden. 
Dabei wurden insgesamt drei Assoziationen unterschieden. Rivas-Martínez (1981b) beschrieb 
das Cryptogrammo-Dryopteridetum oreadis und das Phalacrocarpo oppositifolii-Rumicetum 
suffruticosi. Ortiz & Marcos Samaniego (1989) beschrieben das Violetum langeanae. Diese 
Assoziationen wurden mit wenigen Aufnahmen belegt und eine Anzahl von Gefäßpflanzen 
blieb unerwähnt. Außerdem wurden bei diesen Untersuchungen die Flechten, Laub- und Leber-
moose offensichtlich nicht mit einbezogen. 
Die vorliegende Arbeit versucht diese Lücke zu füllen und einen vollständigen Überblick über 
die Pflanzengesellschaften der Schutthalden in der Serra da Estrela zu geben. 
1.2. Das Untersuchungsgebiet 
Die Serra da Estrela (1993 m) ist das höchste Gebirge Portugals und bildet den äusseren Wes-
tabschnitt des zirka 500 km langen Hauptscheidegebirges (Sistema Central) der iberischen 
Halbinsel. Sie befindet sich in Zentral-ost Portugal. Die Estrela bildet einen durch die 
Fernwirkung der alpidischen Faltung erzeugten Horst, der ungefähr senkrecht zur Richtung der 
variskischen Faltung der sogenannten „Iberische Masse‟ verläuft (Lautensach 1964). Die 
Peripherie des Gebirges ist aus Tonschiefern und Grauwacken aufgebaut. Der höhere zentrale 
Teil, wozu auch das Untersuchungsgebiet gehört, ist dagegen aus Granit aufgebaut. Der 
Höhenunterschied ist wahrscheinlich auf den Härteunterschied zwischen Tonschiefer und 
Granit zurückzuführen (Lautensach 1964). Das von Südwest nach Nordost verlaufende Gebirge 
hat eine Länge von etwa 50 km und eine mittlere Breite von etwa 20 km. 
Im Untersuchungsgebiet bildet Granit das Hauptgestein oberhalb von etwa 1600 m. Der größte 
Teil besteht aus eine Verebnungsfläche, die zumeist allmählich bis zum höchsten Kuppenformi-
gen Gipfel (Torre, 1993 m) emporsteigt. Dort aber, wo einige Täler tief in der Plateauverebnung 
eingeschnitten sind, finden sich einige hochragende Felsen und in ihrer Nähe manchmal eben 
auch Schutthalden. Die Steinzufuhr ist heute zwar unbedeutend, in manchen Fällen jedoch nicht 
völlig auf Null reduziert: Frostsprengung, Bildung von Kammeis, Frostmusterböden, usw.  
werden immer noch beobachtet (Brosche 1971, 1978, Daveau 1973, Daveau et al. 1997). Die 
Steinzufuhr soll aber während der Kälteeinbrüche im Quartär viel bedeutender gewesen sein 
und die Schutt-Vegetation hatte in jener Zeit wahrscheinlich eine viel größere Ausdehnung als 
heute. Von einigen Schuttpflanzen wird angenommen, daß sie seit dem Tertiär hier vorkommen 
(Braun-Blanquet et al. 1952, Rivas-Martínez 1963). 
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Eine würmeiszeitliche Vergletscherung ist für die Serra da Estrela nachgewiesen worden 
(Cabral 1884, Lautensach 1929, Daveau 1971). Die zentrale Hochebene wurde von einem 
Plateaugletscher norwegischen Typs bedeckt. Es gab sieben Gletscherzungen 
(Verbreitungskarten in Lautensach 1929, Daveau 1971, Daveau et al. 1997). Die wichtigsten 
Gletscher waren die der Zêzere, Alforfa und Loriga. Der Zêzeregletscher war der grösste. Er 
hatte eine Länge von zirka 13 km, reichte bis auf 680 m ü NN in der Nähe von S. Gabriel und 
dürfte bis 300 m mächtig gewesen sein (Foto 1). Abgesehen von den Gletscherzungen soll die 
ausdauernde Schneegrenze sich etwa bei 1650 m ü NN befunden haben. Es ist denkbar, daß 
damals auch eine typische Vegetation des Gletschervorfeldes existierte. Die Gletscherablage-
rungen und Moränen sind heute jedoch längst von anderen Vegetationstypen besiedelt. 
Die heutige Vegetation der Schutthalden findet ist größtenteils in Karen (portugiesisch Singular: 
Covão), die von den Gletschern hinterlassen worden sind, besonders in der Nähe der Karwände. 
Die wichtigsten Fundorte gibt es in den höheren Bereichen (oberhalb 1650 m ü NN) der Täler 
von Zêzere, Candieira, Alforfa (Foto 2) und Loriga. Nach Lautensach (1929) ist das Eis, das 
vom Torreplateau herabkam, wahrscheinlich über die steilen Felswände des oberen Alforfatales 
herabgebrochen und hat zwischen den Felswänden steile Eisrinnen gebildet. Wahrscheinlich 
haben ähnliche Ereignisse die Rinnen in den Felswänden des oberen Zêzeretales (Covão do 
Cimeiro) bedingt. Gerade in diesen Rinnen befinden sich die meisten Schuttgesellschaften. 
Lautensach (1940, 1942) berechnete, daß die Januartemperaturen Portugals in der Würmeiszeit 
um fast 6 °C, die Augusttemperaturen um fast 12 °C niedriger lagen als heute. Die 
Würmeiszeitlichen Niederschlagsmengen sollen dagegen bedeutend höher gewesen sein 
(Lautensach l.c.). 
Die Aufnahmen der Schuttvegetation wurden alle in einem Gebiet gemacht, dessen 
durchschnittliche Jahresniederschläge heute mehr als 2500 mm betragen (Daveau et al. 1977). 
Ein Teil davon fällt als Schnee. Auf der Wetterstation Penhas Douradas, die sich auf einer Höhe 
von 1383 m ü NN nur 3 km nördlich des Untersuchungsgebietes befindet, wurden während der 
Periode 1931-1960 jährlich durchschnittlich 34 Tage mit Schneefall und 44 Tage mit Schnee-
decke beobachtet. Diese Zahlen sind in den Karen auf der Ostseite des noch 600 m höherem 
Plateaus wohl viel höher. So hat es am Gipfel sogar noch am 29. Juni 1997 geschneit. In günst-
igen Lagen kann man Schneeflecken bis in den frühen Sommer hinein beobachten. Der Herbst 
ist im allgemeinen die niederschlagreichste Jahreszeit, jedoch sind die Niederschläge auch im 
Winter und im Frühjahr bedeutend. In den Monaten Juli and August sind sie niedrig und zeigen 
damit den mediterranen Einfluß an. 
Dieser äußert sich ebenfalls in den hohen mittleren Jahressummen der Sonnenscheindauer. Auf 
Penhas Douradas werden mehr als 2500 Stunden Sonnenschein pro Jahr registriert. 
Die Jahresmitteltemperatur an der Wetterstation betragt 8,9 °C, mit einem mittleren täglichen 
Minimum von -0,4 °C im Januar und einem mittleren Tagesmittel von 17,2 °C im Juli (Amorin 
Ferreira 1965). Die Minimumtemperatur taucht dort durchschnittlich an 66 Tagen im Jahr unter 
den Gefrierpunkt; auf 1510 m Höhe in Penhas da Saúde, also etwa 100 m unterhalb des 
Untersuchunggebietes, ergeben sich schon 82 Tage im Jahr (Amorin Ferreira 1965). 
Auswirkungen des Klimas zeigen im Untersuchungsgebiet eine assymetrische Verteilung, in 
bezug auf die Schneefälle z.B. eine West-Ost Asymmetrie (Lautensach 1929, Daveau 1971, 
1986). Die Anhäufung der Schneemassen an der Ostseite des Gebirges läßt sich durch die 
vorherrschende Westwinde erklären. Außerdem gibt es eine Nord-Süd Asymmetrie: Wegen der 
stärkerer Einstrahlung der Sonne sind die süd-exponierten Gletscherzungen kürzer (Daveau 
1971). Die Verbreitung der Schuttgesellschaften läßt sich analog erklären. Der größte Teil 
befindet sich nämlich in den ost-exponierten oberen Bereichen der ehemaligen Gletscher der 
Zêzere, Alforfa und Candieira. 
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Foto 1: Blick aus der Nähe von Covão da Ametade in das Zêzeretal. Juni 1992. 
 
Foto 2: Mit Schnee bedeckte Schutthalden im oberen Alforfatal. Mai 1997. 
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1.3 Die Verwitterung von Gesteinsbrocken 
Schroeter (1908) und Jenny-Lips (1930) bezeichnen als Schutt die vom anstehenden Gestein 
losgelösten Brocken unterschiedlichster Dimensionen. Die Abtrennung einzelner Teile vom 
kompakten Fels vollzieht sich bei raschen und starken Temperaturänderungen. Es entstehen 
Spalten und Risse, in die Wasser eindringen kann. Das gefrierende Wasser spaltet die 
Felsstücke, so daß sie sich beim Auftauen voneinander trennen. 
Der Spaltenfrost ist in der Hoch-Estrela von großer Bedeutung; es kann hier zu jeder Jahreszeit 
auftreten. Durch die rein mechanische Verwitterung werden die Schuttbrocken in immer 
kleinere Gesteinsstücke zerlegt. 
 
2. Methoden 
 
Die meisten Vegetationsaufnahmen wurden im Juli/August 1994 angefertigt. Vorher und in den 
folgenden Jahren wurden einige zusätzliche Aufnahmen gemacht. Die vegetationskundliche 
Analyse erfolgte nach der Methode der Zürich-Montpellier-Schule (Braun-Blanquet 1964, 
Westhoff & Van der Maarel 1973), unter Berücksichtigung der durch Barkman et al. (1964) 
modifizierten Deckungsgradskala (r bis 5 als 1 bis 9 in den Tabellen). Zusätzliche ökologische 
Daten, wie Beweglichkeit und Größe des Schuttmaterials wurden geschätzt, Hangneigung und 
Exposition wurden mit Hilfe eines Kompasses bestimmt. Die geographischen Informationen 
sind den Karten der Serviços Cartográficos do Exército (1970, 1971, 1993) entnommen, 
einschließlich der auf mindestens 100 m genauen Lokalisiering der Aufnahmen mit Hilfe des 
UTM Systems. Die Aufnahmen wurden mit Hilfe des Programms TURBOVEG (Hennekens 
1996) in den Computer eingegeben und weiter mit TWINSPAN (Hill 1979), CEDIT (Van 
Tongeren 1991) und SHIFTTAB (Hennekens l.c.) verarbeitet. 
Die Nomenklatur der höheren Pflanzen folgt der Flora Iberica, soweit erschienen (Castroviejo et 
al. 1985, 1990, 1993a,b, 1997a,b), sonst der Nova Flora de Portugal, soweit erschienen (Franco 
1971, 1984, Franco & Rocha Afonso 1994) und der Flora Europaea V (Tutin et al. 1980), 
ausgenommen einige Taxa, die im floristischen Anhang aufgeführt sind. Die Nomenklatur der 
Laub- und Lebermoose folgt Frey et al. (1995), die der Flechten Wirth (1987). Die 
syntaxonomische Gliederung vom Verband bis zur Klasse folgt im allgemeinen Molina Abril 
(1993).  
Die Einteilung der Trümmer nach ihrer Größe folgt Schroeter (1908) und Jenny-Lips (1930). 
Diese Autoren unterscheiden die folgenden Kategorien: 
1. Fels 
2. Blöcke, mehr als 25 cm Durchmesser 
3. Grobschutt, von 25 bis 2 cm Durchmesser 
4. Feinschutt, von 20 bis 2 mm Durchmesser 
5. Sand, von 2 bis 0,25 mm Durchmesser 
6. Ton, unter 0,25 mm Durchmesser 
 
Zur Feinerde werden im allgemeinen alle Bodenbestandteile gerechnet die das 2 mm-Sieb 
durchläßt. 
 
3. Ergebnisse und Diskussion 
3.1 Charakterarten der Thlaspietea rotundifolii im Untersuchungsgebiet 
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Die folgende alphabetische Liste enthält Arten die in der Schutthalden der Hoch-Estrela 
vorkommen und in der bisherigen Literatur über das Sistema Central als Charakterarten von 
Syntaxa der Thlaspietea rotundundifolii angesehen werden (Rivas-Martínez 1981b, Rivas-
Martínez et al. 1984, 1989): 
 
Thlaspietea rotundifolii: 
 Androsacetalia alpinae: 
  Cryptogramma crispa ● + 
  Paronychia polygonifolia + 
 Linario saxatilis-Senecionion carpetani 
  Arrhenatherum elatius subsp. carpetanum 
  Coincya monensis subsp. orophila 
  Digitalis purpurea subsp. carpetana + 
  Doronicum carpetanum ● + 
  Leontodon hispidus subsp. bourgaeanus + 
  Linaria saxatilis subsp. saxatilis 
  Phalacrocarpum oppositifolium ● 
  Reseda gredensis ● + 
  Rumex suffruticosus ● + 
  Scrophularia herminii ● + 
  Senecio pyrenaicus subsp. caespitosus ● + 
  Silene foetida subsp. foetida ▲+ 
  Solidago virgaurea subsp. fallit-tirones + 
  Trisetum hispidum + 
 Polystichetalia lonchitidis 
 Dryopteridion oreadis 
  Dryopteris expansa + 
  Dryopteris oreades ● 
 
Lactuca viminea subsp. viminea wird in der Übersicht über das Sistema Central nicht genannt. 
Sie wird allerdings in der Übersicht über die Picos de Europa als Klassencharakterart betrachtet 
(Rivas-Martínez et al. 1984). Diese Auffassung wird durch die eigenen Untersuchungen 
bestätigt. 
Eryngium duriaei s.l. (●) hat in der Serra da Estrela ein deutliches Optimum in Schutthalden 
deren Vegetation zum Linario-Senecionion gehört. Ich betrachte diese Art daher als Charak-
terart dieses Verbandes. 
Von den obengenannten, insgesammt 20 Arten stehen 9 (mit ● markiert) auf der vorläufigen 
Roten Liste der Gefäßpflanzen Portugals (Ramos Lopes et al. 1990); 13 (+) sind innerhalb 
Portugals auf die Serra da Estrela beschränkt, unter denen ein Endemit (▲). Es handelt sich 
meistens um biotoptypische stenotope Arten die, weil die Biotoptypen nur in geringer 
Gesamtfläche bzw Anzahl vorkommen, potentiell gefährdet sind. Die meisten Arten gehören 
wohl zu isolierten Restpopulationen, die früher wahrscheinlich eine größere Ausdehnung 
hatten. Einige Arten, vor allem Arrhenatherum cf. carpetanum, Coincya orophila, Lactea 
viminea und Linaria saxatilis konnten auch Sekundärstandorte besiedeln, wodurch ihr Areal 
erweitert wurde. 
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Die Liste enthält nur Arten die in den Hochlagen vorkommen. Die Arten und Gesellschaften der 
Schutthalden die nur in den niedrigen Teilen des Gebirges unterhalb 1600 m vorkommen, 
werden hier nicht behandelt. 
Doronicum carpetanum soll in der Serra da Estrela vorkommen (Franco 1984). Ich habe diese 
Art leider noch nicht gefunden. Wahrscheinlich ist sie hier ausgestorben. Von der nahe 
verwandten Art die, rezent von Pérez-Morales et al. (1994) als Doronicum pubescens 
beschrieben wurde, habe ich 1996 sieben Exemplare an einer Stelle am Wegrand im Genistion 
polygaliphyllae unweit von relativ frischen Betula alba-Beständen auf einer Höhe von 1400 m 
beobachtet (Aufnahme 96-109). Es handelt sic hum eine für Portugal neue Art. Der Fund wurde 
von Kollegin Inés Aluarez Fernández vom Botanischen Garten in Madrid bestätigt, die zur Zeit 
die Gattung Doronicum für die Flora Iberica bearbeitet. Doronicum pubescens wächst weiter 
unten und scheint ein anderes pflanzensoziologisches Verhalten zu zeigen als Doronicum 
carpetanum. Ihre syntaxonomische Stelle ist vorläufig unsicher. Allerdings gibt es eine gewisse 
Ähnlichleit mit dem Standort, von dem der Typus von var. nemoralis beschrieben worden ist. 
Dort, in der Nähe von La Baña (Sierra de Cabrera, Spanien) kommt die Art im hochstaudenrei-
chen Birkenwald vor. Unsere Aufnahme enthält einige junge Exemplare von Betula alba: 
96-109 (Es 566). Ginstergestrüpp mit Genista florida subsp. polygaliphylla (Genistion polygaliphyllae, Cytisetea 
scopario-striati) im obersten Mondegotal, westlich von Penhas Douradas. UTM: 29TPE200-749. 
Datum: 03-07-1996. Meereshöhe 1400 m; Exposition N; Neigung 30°, Probefläche 100 m2. 
Strauchschicht 80 %; 1,5 - 4,5 m; Krautschicht 5 %, Moosschicht 20 %; Flechtschicht 10 %. Stellenweise mäßig 
trocken bis frischen Quarzitgrusreiche untiefe, leicht humoser Boden zwischen großen Felsblöcken 
(durchschnittlich 1 - 3 m!). 
     Arenaria montana          1        Holcus mollis             +  
     Betula alba Juv.          +        Hypnum cupressiforme s.l. 1  
     Cetraria islandica        +        Hypochaeris radicata      +  
     Cladonia coccifera s.s.   +        Lactuca viminea           +  
     Cladonia gracilis         1        Luzula lactea             +  
     Cladonia pyxidata         +        Micropyrum tenellum       1  
     Cladonia ramulosa         +        Peltigera britannica      +  
     Coelocaulon aculeatum     2a       Pleurozium schreberi      +  
     Conopodium majus          +        Polytrichum piliferum     2a 
     Cytisus grandiflorus      +        Ranunculus ollissiponens. +  
     Dicranum scoparium        2a       Saxifraga granulata       +  
     Doronicum pubescens       +        Sedum anglicum            1  
     Erica arborea             2b       Sedum brevifolium         1  
     Erica australis           +        Sorbus aucuparia Juv.     +  
     Genista polygaliphylla    4        Teesdalia nudicaulis      +  
 
Obwohl z. B. Kiaeria starkei in Österreich als Trennart der Androsacetalia alpinae betrachtet 
wird (Englisch et al. 1993), ist die syntaxonomische Stelle der Moose vorläufig unklar, weil sie 
in den pflanzensoziologischen Aufnahmen der Iberischen Halbinsel unerwähnt sind. 
Polytrichastrum alpinum, Lescuraea patens, Brachythecium dieckii, Kiaeria starkei und 
Barbilophozia floerkei stehen auf der Roten Liste der Bryophyten der Iberischen Halbinsel 
(Sérgio et al. 1994a). 
Die syntaxonomische Stelle der Polystichetalia lonchiditis und des Dryopteridion oreadis ist im 
Sistema Central unklar. Dies wird bei der Besprechung des Digitali-Leontodontetum (Kapitel 
3.3.3) und des Cryptogrammo-Dryopteridetum (Kapitel 3.3.4) erörtert. 
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3.2 Taxonomische Bemerkungen 
Die Taxonomie vieler Arten der Flora der Iberischen Halbinsel ist immer noch nicht geklärt. Bis 
jetzt sind nur sechs von insgesammt 21 Teilen der Flora Iberica erschienen (s. Castroviejo et al. 
1997a). Im floristischen Anhang werden Taxa aufgeführt, die nicht den in Kapitel 2. Genannten 
Florenwerken folgen. Die oben angeführte Liste von Schuttpflanzen (Kap. 3.1) bedarf hier 
einiger Bemerkungen. 
Der taxonomische Status einiger Arten ist umstritten, nicht zuletzt weil es auf der Iberischen 
Halbinsel viele Zentren von endemischen und eng verbreiteten Sippen gibt. Die Serra da Estrela 
ist ein dieser Zentren (Gómez-Campo & Malato-Beliz 1985, Davis et al. 1994, Médail & 
Quézel 1997). 
So ist der Status von Arrhenatherum elatius subsp. carpetanum und Solidago virgaurea subsp. 
fallit-tirones nicht klar. In der vorliegende Arbeit werden sie als Arrhenatherum cf. carpetanum 
bzw. Solidago cf. fallit-tirones bezeichnet. 
Eryngium duriaei wird von mehreren Autoren (Izco & Ortiz 1987, Penas Merino et al. 1991) als 
Charakterart des Linario-Senecionion in NW-Spanien genannt. Eryngium duriaei ist auch in der 
Serra da Estrela auf Schutthalden beschränkt. Es dürfte sich dabei aber vielleicht um eine 
andere Unterart handeln. Nach Franco (1971) wächst Eryngium duriaei an trockenen und steini-
gen Standorten in Eichenmischwäldern in den nördlichen Gebirgen Portugals (Peneda, Amare-
la, Gerês, nach Coutinho 1939 auch Cabreira und Soajo), in der nordwestlich der Estrela gele-
genen Serra de Arada und eben im Estrela Gebirge selbst. In der Serra do Gerês und in der 
südlich der Estrela gelegener Serra do Açor (neuer Fundort) habe ich Exemplare gesehen, die 
morphologisch deutlich abweichen von den Exemplaren, die in den Hochlagen der Serra da 
Estrela wachsen. Die Exemplare in der Serra da Estrela sind beträchtlich mehr blaugrün und 
steifer. Ihre Hüllblätter scheinen weniger ‘überragend’ zu sein und ihre dicht gedrängten Blüten 
sitzen auf einer Achse, die weniger ‘verlängert’ erscheint als bei den Exemplaren, welche ich in 
der Serra do Gerês und Serra do Açor beobachtet habe. Die offensichtlich unterschiedliche 
Morphologie sowie die in der Hoch-Estrela stark abweichende bioklimatologische Situation und 
die Preferenz eines anderen Biotops veranlassen mich, diese Art vorläufig als Eryngium duriaei 
s.l. zu bezeichnen, wiederum in Erwartung einer neuen Übersicht der Flora Iberica3. 
In Aufnahme 55 (Tab.1) traf ich eine bisher nicht beschriebene Silene, wahrscheinlich eine 
Hybride4 von Silene foetida subsp. foetida und Silene acutifolia. Sie wird vorläufig als Silene cf. 
foetida x acutifolia bezeichnet. Ihre Kronblätter sind weniger tief zweiteilig als die von S. 
foetida, aber tiefer als diejenigen von S. acutifolia. Die Farbe der Kronblätter ist rosa, bei S. 
foetida blaßrosa und bei S. acutifolia dunkelrosa oder purpur. Der Kelch ist kürzer als bei S. 
foetida, abder länger als bei S. acutifolia; Zahl und Verzweigung der Stengelblüten sind ähnlich 
wie bei S. foetida (geringer als bei S. acutifolia); die Stengelblätter ähneln denen von S. foetida 
(eiförmig, bei S. acutifolia eher lanzettliche besitzt). Die Pflanze ist weniger klebrig als S. foeti-
da, aber klebriger als S. acutifolia. Silene cf. foetida x acutifolia, eine mir unbekannte Poa und 
Athyrium sind alle selten und deshalb ist ihre pflanzensoziologische Stellung unsicher. Die 
beiden letzten werden vorläufig als Poa sp. und Athyrium cf. distentifolium bezeichnet. Es 
handelt sich wahrscheinlich um neue Arten für die Flora von Portugal. Zur Zeit werden sie von 
Dr. Jorge Paiva, Hauptmitarbeiter der Flora Iberica, untersucht. 
 
                                                             
3 Aus der fünf Jahre später erschienen Flora Iberica X (Nieto Feliner et al. 2003) geht hervor daß die Exemplare die ich 
gesehen habe ausserhalb der Serra da Estrela übereinstimmen mit Merkmale von Eryngium duriaei subsp. juresianum (Fig. 
125c in Jansen 2002a). 
4 Von Ladero et al. (1999) als Silene x montistellensis beschrieben (siehe auch Kapittel 10 dieser Dissertation).  
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Silene foetida (pale pink) and Silene x montistellenis (deeper pink) 
 
3.3 Übersicht der Silikatschuttvegetation 
Eine Übersicht der Silikatschutt-Vegetation in den höheren Stufen der Serra da Estrela ist in 
Tab. 1 dargestellt (Appendix 1). 
Die Spalten 1, 2 und 3 gehören zum Verband Linario saxatilis-Senecionion carpetani 
(Androsacetalia alpinae). Dieser Verband umfaßt Gesellschaften, die optimal verbreitet sind 
auf Silikatschutt in der oro- und crioromediterranen Stufe der Carpetanisch-Iberisch-Leone-
sischen Provinz und in den hochmontanen bis subalpinen Stufen der Orocantabrischen Provinz 
(Rivas-Martínez et al. 1989). 
Spalte 1 repräsentiert eine von Trisetum hispidum dominierte Gesellschaft. Sie mutet stark 
verarmt an und wird als Trisetum hispidum-Dominanzgesellschaft beschrieben. Spalte 2 gehört 
zum Sileno foetidae-Rumicetum suffruticosi, einer endemischen Assoziation der Serra da Estre-
la. Spalte 3 gehört zum Digitali-Leontodontetum bourgaeani, einer Gesellschaft die hier als 
neue Assoziation beschrieben wird. 
Spalte 4 gehört zum Cryptogrammo-Dryopteridetum, einer Assoziation des Dryopteridion 
oreadis. Dieser Verband umfaßt farnreiche Gesellschaften, welche die Moränen und Block-
meere der mitteleuropäischen und mediterranen Hochgebirge besiedeln (Rivas-Martínez 1977, 
Rivas-Martínez et al. 1989). 
Tabelle 1 enthält nur eine einzige stete Art, nämlich die nur in der Estrela vorkommende 
Festuca henriquesii. Ihr Vorkommen deutet wohl auf längere Schneedauer. Immer wieder habe 
ich Festuca henriquesii nur an Stellen beobachtet wo sich der Schnee im Spätfrühling oder 
Frühsommer relativ lange hält. Spalte 1, in der Festuca henriquesii fehlt, umfaßt Bestände an 
sonnigen Hängen, wo der Schnee nicht lange liegen bleibt. 
Die Heterotonie der synoptischen Tabelle läßt sich durch folgende Ursachen erklären: 
a) Die ökologische Bedingungen in den Ausbildungen sind unterschiedlich; 
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b) zufällige Arten und Begleiter nehmen dort zu, wo der Schutt schon eine gewisse Stabili-
sierung erreicht hat (s. Ellenberg 1986, Englisch et al. 1993); 
c) die Schutthalden in der Serra da Estrela sind relativ klein und werden deshalb öfters von 
Arten aus benachbarten Gesellschaften überlagert. 
3.3.1 Trisetum hispidum-Dominanzgesellschaft 
 
Trisetum hispidum-Dominanzgesellschaft 
3.3.1.1 Floristische Zusammensetzung und Syntaxonomie  
Die Trisetum hispidum-Dominanzgesellschaft wird durch die Dominanz von Trisetum hispidum 
charakterisiert (s. Tab. 1; Foto 3), sowie durch das regelmäßige Auftreten von Linaria saxatilis 
charakterisiert. Lactuca viminea und Arrhenatherum cf. carpetanum, zwei Thlaspietea-Arten, 
differenzieren die Gesellschaft gegenüber den anderen dieser Klasse. Einschließlich Coincya 
orophila gibt es in allen vier Aufnahmen nur fünf Thlaspietea-Arten. Wie im Violetum 
langeanae treten auch in der Trisetum hispidum-Dominanzgesellschaft viele Arten auf, die in 
Gesellschaften der Koelerio-Corynephoretea und Tuberarietea verbreitet sind. Nicht die Zahl 
sondern die Gesamtdeckung der Thlaspietea-Arten ist größer als die der Koelerio-
Corynephoretea- und Tuberarietea-Arten. Dies wird insbesondere durch die Dominanz von 
Trisetum hispidum verursacht. 
Rivas-Martínez et al. (1984) werten Lactuca viminea als Klassencharakterart; nach Rivas-
Martínez et al. (1989) sind alle (vier) übrigen Arten, nämlich Trisetum hispidum, Linaria 
saxatilis, Arrhenatherum cf. carpetanum und Coincya orophila, Charakterarten des Verbandes 
Linario saxatilis-Senecionion carpetani. Deshalb kann die Trisetum hispidum-
Dominanzgesellschaft am besten zur Linario-Senecionion (Androsacetalia alpinae) gestellt 
werden. Es gibt dabei eine gewisse Ähnlichkeit mit dem Triseto hispidi-Rumicetum suffruticosi 
aus den Gebirgen von NW-Spanien (Fernández Prieto 1983, Penas Merino et al. 1991). Unsere 
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Gesellschaft ist jedoch stark verarmt und wird hier deshalb als Trisetum hispidum-
Dominanzgesellschaft beschrieben. 
3.3.1.2 Synökologie, Verbreitung, Sukzession 
Die Trisetum hispidum-Dominanzgesellschaft tritt nur sehr selten auf und zwar in lückigen 
Ginsterbeständen die von Cytisus oromediterraneus und Genista cinerascens gebildet werden. 
Die Lücken entstehen durch das Abflämmen der Ginster. Die Gesellschaft ist also sekundärer 
Herkunft. Trisetum hispidum kann - wie Viola langeana und Arrhenatherum cf. carpetanum -    
nach Brand kurzfristig massenhaft auftreten (Jansen 1994b, Jansen et al. 1997). Daß es sich um 
einen primäreren Standort dieser Gesellschaft, ist eher unwahrscheinlich. 
Die Gesellschaft entwickelt sich im Sommer optimal und kommt sowohl in der supra- als auch 
in der oromediterranen Zone (Aufnahmen zwischen 1060 und 1715 m Höhe). Sie scheint am 
besten auf wenig bewegtem, relativ feinerdereichem Feinschutt auf kleinflächigen Stellen an 
sommertrockenen sonnigen Hängen im Candieira- und Zêzeregletschertal zu gedeihen. Nach 
Lautensach (1929) sind die Trogwände des Zêzeretales mit einer ausgedehnten, aber meist 
dünnen Moränendecke überzogen, die häufig in Gestalt von Schutthalden verrutscht ist. Der 
Unterschied zwischen den frischen NW-exponierten und den trockenen SW-exponierten 
Trogwänden ist kontrastreich. Erstere tragen eine mehr geschlossene Vegetationsdecke mit 
höherer Biomasse, letztere eine offenere Vegetationsdecke mit relativ niedriger Biomasse. 
Immer wieder auftretende Brände hemmen die Sukzession und fördern die Erosion. Sie schaf-
fen ständig offene Stellen. Diese werden an den NW-exponierten Hänge relativ rasch von ther-
ophytenreichen Pionierfluren besiedelt, auf die meistens Genista polygaliphyllae- und Festuca 
elegans-Bestände folgen. Die offenen Stellen an den SW-exponierten Hängen werden weniger 
schnell von therophytenreiche Pionierfluren besiedelt, auf die hier meistens Genista cineras-
cens- und Stipa gigantea-Bestände folgen. In den höheren Lagen wachsen die offenen Stellen 
an den sonnigen Hängen noch langsamer zu. Dort ist die Wiederbesiedlung wohl am schwierig-
sten und Cytisus oromediterraneus mischt sich in die Bestände. Vor allem dort habe ich dann 
und wann die Trisetum hispidum-Dominanzgesellschaft beobachtet. 
Cytisus oromediterraneus und Genista cinerascens bilden Kontaktbestände wie auch Stipa 
gigantea-Rasen und das Violetum langeanae. 
3.3.2 Sileno foetidae-Rumicetum suffruticosi (Rivas-Martínez) Jansen ass. nov. 
Syn.: Phalacrocarpo oppositifolii-Rumicetum suffruticosi Rivas-Martínez 1981 (ungültig nach 
Art. 5 des Codes der pflanzensoziologischen Nomenklatur, Barkman et al. 1986) 
3.3.2.1 Floristische Zusammensetzung und Syntaxonomie 
Tab. 1 (Appendix 1) zeigt u.a. 27 Vegetationsaufnahmen des Sileno foetidae-Rumicetum 
suffruticosi. Die Assoziation wird charakterisiert entweder durch die Dominanz von Silene 
foetida oder Rumex suffruticosus (Foto 4), oder durch die Präsenz dieser beiden Arten 
zusammen, allerdings in Zusammenhang mit Vorherrschenden Thlaspietea-Arten. Eryngium 
duriaei s.l. und Reseda gredensis verhalten sich wie gute Differentialarten, desgleichen 
Phalacrocarpum oppositifolium innerhalb der Thlaspietea. Es lassen sich drei Varianten 
unterscheiden, und zwar eine mit Dominanz von Silene foetida, eine mit Dominanz von Rumex 
suffruticosus und eine typische Variante, in der beide genannten Arten zusammen mit Eryngium 
duriaei s.l. und manchmal Reseda gredensis vorhanden sind. 
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Foto 3: Sileno foetidae-Rumicetum suffruticosi bei der Cântaro Raso. Juli 1994. 
Die Bestände sind zuerst von Rivas-Martínez (1981b) als Phalacrocarpo oppositifolii-
Rumicetum suffruticosi beschrieben und im Linario saxatilis-Senecionion carpetani 
(Androsacetalia alpinae) eingeordnet worden. Wegen der Präsenz der damals noch als 
endemisch betrachteten Senecio pyrenaicus subsp. herminii und der westiberischen Endemiten 
Phalacrocarpum oppositifolium und Silene foetida (damals wurde noch keine für die Estrela 
endemische Unterart unterschieden), ist die Assoziation eine westliche Vikariante des Rumice-
tum suffruticosi der Sierra de Guadarrama und Sierra de Ayllon und des Santolinetum 
oblongifoliae der Sierra de Gredos, Sierra de Béjar und Sierra de Tormantos (Rivas-Martínez 
l.c.). Senecio pyrenaicus subsp. herminicus wird heute als Synonym von Senecio pyrenaicus 
subsp. caespitosus betrachtet (Franco 1984). Die genaue Verbreitung ist mir nicht bekannt, aber 
aus Tabellen von Rivas-Martínez et al. (1989) geht hervor, daß diese Art wenigstens in anderen 
Teilen des Sistema Central in Spanien verbreitet ist (s. auch Amor et al. 1993). Deshalb kann sie 
nicht als Charakterart der Gebietsassoziation angesehen werden. Die Gesellschaft läßt sich 
allerdings von den übrigen Gebietsassoziationen durch die heute als endemische Unterart 
betrachtete Silene foetida subsp. foetida abtrennen. Damit kann das Sileno-Rumicetum auch von 
dem in NW-Spanien vorkommenden Sesamoido-Silenetum gayanae (benannt nach dem nw-
spanischen Endemit Silene foetida subsp. gayana) oder etwa von dem Triseto hispidi-
Rumicetum suffruticosi (s. Penas Merino et al. 1991) abgetrennt werden. 
Phalacrocarpum oppositifolium ist - wenigstens in der Serra da Estrela - nicht auf Schutthalden 
beschränkt, sondern findet sich auch oft in Gesellschaften der Asplenietea und der Pino-Junipe-
retea (s. Jansen 1997). Die Art geht mindestens bis auf 700 m NN herab, während ich Silene 
foetida subsp. foetida, Rumex suffruticosus, Eryngium duriaei s.l. und Reseda gredensis fast 
ausschließlich auf Schutthalden antraf und immer oberhalb 1600 m NN beobachtet habe. Aus 
diesem Grund und weil es sich um einen Endemiten handelt, wäre es besser die Assoziation als 
Sileno foetidae-Rumicetum suffruticosi zu bezeichnen. Falls der Name Phalacrocarpo 
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oppositifolii-Rumicetum suffruticosi gültig publiziert ware, müßte man diese Lösung allerdings 
verwerfen (Art. 29, Code der Pflanzensoziologischen Nomenklatur, Barkman et al. 1986). Der 
Name wurde jedoch nicht gültig publiziert, da kein nomenklatorischer Typ angegeben worden 
ist (Art. 5). Auf eine nachträgliche Validierung (Art. 6) möchte ich aus obengenannten Gründen 
verzichten. Der neue Name lautet damit Sileno foetidae-Rumicetum suffruticosi (Rivas-
Martínez) Jansen ass. nov. hoc loco. Lectotypus ist Aufnahme 183 (Tab. 1, Nr. 20). 
3.3.2.2 Synökologie, Verbreitung, Sukzession 
Das Sileno foetidae-Rumicetum suffruticosi ist eine meso- bis xerophytische Dauergesellschaft  
auf granitischen Schutthalden (Foto 3). Die relativ offene Gesellschaft ist beschränkt auf das 
Estrela-Gebirge, wo sie oberhalb 1600 m NN nahe an den Karwanden der ehemaligen 
Gletschertäler der Zêzere und Alforfa vorkommt. Die relativ seltenen Standorte sind oft bis in 
den Frühling hinein mit Schnee bedeckt. Die Gesellschaft zeigt ihr phänologisches Optimum 
erst im Vollsommer (abhängig von den Wetterbedingungen ungefähr Ende Juli bis Ende 
August). Die Schutthalden sind überwiegend aus einer Mischung von Fein- und Grobschutt 
aufgebaut, obwohl Blöcke fast nie fehlen. 
Die Variante mit Dominanz von Silene foetida (Tab. 1, Nr. 5-11) findet sich vor allem auf 
überwiegend beweglichem Feinschutt, die Variante mit Dominanz von Rumex suffruticosus 
(Tab. 1, Nr. 12-15) auf überwiegend ruhendem Grobschutt. Im allgemeinen handelt es sich vor 
allem um Standorte mit einer Mischung von beweglichem und unbeweglichem Fein- bis Grob-
schutt (Tab. 1, Nr. 16-31). 
Silene foetida durchspinnt den Schutt mit langen Kriechtrieben, die sich wieder bewurzeln 
können. Es handelt sich um einen Schuttwanderer im Sinne Schroeter (1908). 
Das Sileno foetidae-Rumicetum suffruticosi hat eine mittlere Artenzahl von 17,4 und findet sich 
überwiegend an mässig bis stark geneigten Stellen mit Nord- bis Ost-Exposition. Die 
Gesamtdeckung reicht fast nie über 50 % und beträgt durchschnittlich 28,3 %. 
Am Rande der Schutthalden, meistens an Nord-exponierten und relativ feinerdereichen Stellen, 
grenzt das Sileno foetidae-Rumicetum suffruticosi manchmal an eine, wenigstens in der Serra da 
Estrela noch nicht beschriebene Gesellschaft, die meistens von Luzula caespitosa oder Silene 
ciliata dominiert wird und zu den Festucetalia indigestae gehört. Auch das stete Auftreten von 
Minuartia recurva und die relativ hohe Präsenz von Jasione centralis zeigen diese Verbindung 
mit den psychro-xerophytischen Trockenrasen. 
Direkt unterhalb hoher Felsen, ebenfalls auf Nord-exponierten Stellen, wo der Schnee am 
längsten liegen bleibt und auch im Hochsommer die Vegetation der Sonne nur relativ kurz 
ausgesetzt ist, grenzt unsere Gesellschaft öfter an eine chionophytische Nardetea-Gesellschaft, 
die nur unvollständig als Campanulo-Festucetum beschrieben worden ist (Rivas-Martínez 
1981b, Jansen 1997). Zu den anderen Arten die relativ gut an sommertrockenen Verhältnissen 
adaptiert sind, zählen Jasione sessiliflora, Micropyrum tenellum, Arenaria querioides, Sedum 
brevifolium. 
Die Felswände tragen eine Vegetation die meistens zum Murbeckiello-Saxifragetum 
(Asplenietea) gehört. An sonnig exponierten Felsen gibt es Ansätze zum sogenannten Sileno 
foetidae-Dianthetum lusitani. Bis jezt habe ich nur Aufnahmen der Felsvegetation der Hoch-
Estrela gesammelt. Eine Beschreibung steht noch aus, aber aus meinen Geländebeobachtungen 
habe ich feststellen können, daß Silene foetida überhaupt nicht im Sileno-Dianthetum vor-
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kommt. Statt dessen tritt öfter Silene acutifolia auf. Es dürfte sich dabei um eine Verwechslung 
dieser beiden Arten handeln5. 
In den niedrigen Bereichen grenzt die Halde an Bestände, in denen vor allem Erica arborea 
dominiert. Diese Bestände gehören meistens zur Klasse Pino-Juniperetea. 
An relativ feuchten Stellen (Umgebung von Brunnen, zeitweise wasserführende Bäche, große 
Blöcke) leitet die Gesellschaft zum Farn- und oft Hochstauden-reichem Digitali-
Leontodontetum über. 
Das Sileno foetidae-Rumicetum suffruticosi ist eine Dauergesellschaft. Nur am Rande der 
Schutthalden kann es Entwicklungen geben, die zu einigen der oben genannten Gesellschaften 
führen. 
Die Gesellschaft ist wegen ihr geringen Gesamtfläche potentiell gefährdet. Sie wird 
unregelmäßig von Schafen, Ziegen und letzter Zeit vor allem von Rindern besucht. In wie fern 
sie hierdurch oder durch Klimaänderung (vor allem Änderungen in Schneefall und Frost 
Aktivität) beinträchtigt wird, ist nicht bekannt. 
 
Foto 4: Digitali carpetanae-Leontodontetum bourgaeani mit Leontodon hispidus subsp. bourgaeanus und 
Dryopteris oreades (Juli 1994) 
3.3.3. Digitali carpetanae-Leontodontetum bourgaeani ass. nov. hoc loco 
3.3.3.1 Floristische Zusammensetzung und Syntaxonomie 
                                                          
5 Vicente Orellana & Galán de Mera (2008) haben mittlerweile das Sileno acutifoliae-Dianthetum lusitani als neuer 
Assoziation beschrieben. Diese zeigt große Ähnlichkeit zur Sedo brevifolii-Silenetum acutifoliae Jansen nom. nud. (Jansen 
2002a). 
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Tabelle 1 (Appendix 1) zeigt u.a. 25 Aufnahmen des Digitali-Leontodontetum (Foto 4), daß hier 
als neue Assoziation vorgestellt wird. Lectotypus der Assoziation ist Aufnahme 284 (Tab. 1, Nr. 
50). 
Die Gesellschaft wird durch das stete Auftreten von Leontodon bourgaeanus und Dryopteris 
oreades charakterisiert. Bezeichnend ist auch das häufige Auftreten von Digitalis carpetana 
und die Präsenz der relativ seltenen Scrophularia herminii. Angelica major ist eine gute 
Differentialart gegen die anderen, in Tab. 1 dargestellten Einheiten. Sie tritt aber auch 
regelmäßig in Gesellschaften der Montio-Cardaminetea und Molinio-Arrhenatheretea auf. 
Innerhalb der Thlaspietea kann unsere Gesellschaft besser zum Linario-Senecionion 
(Androsacetalia alpinae) als zum Dryopteridion oreadis (Polystichetalia lonchitidis) gestellt 
werden, obwohl Dryopteris oreades nach Rivas-Martínez et al. (1989) Charakterart des 
letzteren Verbandes sein soll. Es gibt wohl nur zwei Charakterarten des Verbandes 
Dryopteridion oreadis, obwohl jene Autoren für das Linario-Senecionion etwa zehn mal so viel 
Arten erwähnen. Unter denen befinden sich die im Digitali-Leontodontetum auftretende Arten 
Arrhenatherum cf. carpetanum, Coincya orophila, Digitalis carpetana, Leontodon 
bourgaeanus, Scrophularia herminii, Senecio caespitosus und Solidago cf. fallit-tirones (Rivas-
Martínez et al. l.c.). Bei der Besprechung des Cryptogrammo crispae-Dryopteridetum oreadis 
wird die schwache Stellung des Dryopteridion oreadis ausführlicher diskutiert (s. 3.4.4.1). 
Das Digitali-Leontodontetum unterscheidet sich von den übrigen Schuttgeselschaften des 
Linario-Senecionion aus dem Spanischen Teil des Sistema Central durch die Präsenz von den 
Endemiten Silene foetida und Festuca henriquesii. Dryopteris oreades, Crepis lampsanoides, 
Angelica major und Saxifraga spathularis sind gute Differentialarten. Digitalis carpetana und 
Leontodon bourgaeanus finden sich in allen Assoziationen des Linario-Senecionion im Sistema 
Central, aber nirgendwo erreicht Leontodon bourgaeanus eine derartig hohe Präsenz wie im 
Digitali-Leontodontetum. 
Die Name der neuen Assoziation soll die Verbindung mit dem nächst verwandten Digitali-
Senecionetum carpetani aus den Spanischen Teilen der Sistema Central (s. Rivas-Martínez et al. 
1989) zeigen. Im Digitali-Senecionetum carpetani erreicht Digitalis carpetana ihre höchste 
Präsenzwerten. Senecio pyrenaicus subsp. carpetanus ist im Digitali-Senecionetum sehr häufig. 
Das Digitali-Leontodontetum unterscheidet sich vom Digitali-Senecionetum - abgesehen von 
den schon oben erwähnten Unterschieden -  durch das (zwar seltene) Auftreten von Senecio 
pyrenaicus subsp. caespitosus. Senecio caespitosus kann aus mehreren Gründen nicht als 
Charakterart gelten. Einerseits kommt sie auch im Sileno foetidae-Rumicetum suffruticosi vor, 
andererseits wurde sie neuerdings in Schuttgesellschaften des Santolinetum oblongifoliae und 
des Cryptogrammo-Dryopteridetum im Spanischen Teil des Sistema Centrals (De la Fuente 
1986, Rivas-Martínez et al. 1989) beobachtet. Die Unterart kann damit nicht mehr als 
portugiesischer Endemit betrachtet werden, wie dies Franco (1984) noch tat. 
3.3.3.2 Synökologie, Verbreitung, Sukzession 
Das Digitali-Leontodontetum ist eine meso- bis hygrophytische Dauergesellschaft, die auf 
granitischen Schutthalden wächst. Die relativ offene Gesellschaft ist auf das Estrela-Gebirge 
beschränkt, wo sie oberhalb 1650 m NN nahe an den Karwanden der ehemaligen Gletschertäler 
der Zêzere, Alforfa und Loriga vorkommt. Die relativ seltenen Standorte sind oft bis in den 
Frühling hinein mit Schnee bedeckt. Die Standorte der Gesellschaft apern relativ spät aus, und 
die Gesellschaft zeigt ihr phänologisches Optimum erst im Vollsommer (abhängig von den 
Wetterbedingungen ungefähr Ende Juli bis Ende August). Die relativ feinerdearmen bis mäßig 
feinerdereichen Schutthalden sind überwiegend aus einer Mischung von Grob- und Blockschutt 
aufgebaut. 
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Das Digitali-Leontodontetum zeigt eine mittlere Artenzahl von 12,9 und findet sich 
überwiegend an mäßig bis stark geneigten Stellen mit Nordost- bis Ost-Exposition. Die Ge-
samtdeckung überschreitet selten 50 % und beträgt durchschnittlich 33,8 %. 
Die Gesellschaft bevorzugt Standorte auf Schutthalden mit relativ wenig bewegtem Schutt, der 
zeitweise von allochthonem Schmelz- und Regenwasser aus dem überliegenden zentralen 
Plateau (Planalto Central) überspült wird. Diese Stellen bleiben auch während der 
Trockenperiode frisch. Die Bodengeuchte resultiert auch aus dem Schatten der Felswände, der 
großen Blöcke und den Felsquellen der Seitenwände. An den relativ frischen Stellen wachsen 
oft Hochstauden, wie Angelica major, Crepis lampsanoides, Dryopteris oreades und Scrophu-
laria herminii. Richtige Hochstaudenfluren der Mulgedio-Aconitetea scheinen in der Hoch-Estr-
ela zu fehlen. Wahrscheinlich ist das Gebirge zu klein und zu niedrig um in den Hochlagen 
ausreichend durchfeuchtete Böden in den Hochlagen zu bilden. 
Ich habe Scrophularia herminii und auch Digitalis carpetana mal in einer rezent abgeflämmten 
Zwergwacholderheide gehäuft beobachtet. Ähnliche Braunwurzgewächse wie Digitalis 
purpurea und Scrophularia nodosa zeigen in Mitteleuropa ein derartiges Verhalten in Schlag-
fluren. 
Die Frische des Standortes erklärt das Fehlen vieler Arten, die in lückigen Pionier-Ge-
sellschaften auf offenen Trockenrasen, Sand- und Grusfluren allgemein verbreitet sind. Viele 
davon können auch im meso- bis xerophytischen Sileno foetidae-Rumicetum suffruticosi 
auftreten. Die Frische des Substrats äußert sich auch in der Präsenz einiger Moose, die jedoch 
noch häufiger im Cryptogrammo-Dryopteridetum auftreten. 
Die hohe Präsenz von Saxifraga spathularis ist wohl auf die Anhäufung größeren Blöcken 
zurückzuführen. 
Kontaktgesellschaften gehören meistens zur Nardetea, Asplenietea oder Montio-Cardaminetea. 
In „Ruhezonen‟ können sich z.B. kleine Raseninseln mit Festuca henriquesii bilden (s. auch 
Pinto da Silva & Teles 1986). 
Das Digitali-Leontodontetum kann als Dauergesellschaft betrachtet werden. Nur nach langer 
Zeit, meistens an weniger geneigten Stellen, kann es eine Entwicklung zu Nardetea- und/oder 
Pino-Juniperetea-Gesellschaften geben. 
Die Gesellschaft ist wegen ihr geringer Gesamtfläche potentiell gefährdet. Sie wird 
unregelmäßig von Schafen, Ziegen und letzter Zeit vor allem von Rindern aufgesucht. In wie 
fern sie hierdurch oder durch Klimaänderung (vor allem Änderungen in Schneefall und 
Frostaktivität) beinträchtigt wird, ist nicht bekannt. 
3.3.4 Cryptogrammo crispae-Dryopteridetum oreadis Rivas-Martínez in Rivas-Martínez & 
Costa 1970 
3.3.4.1 Floristische Zusammensetzung und Syntaxonomie 
Tabelle 1 zeigt u.a. 12 Aufnahmen des Cryptogrammo-Dryopteridetum . 
Die Gesellschaft wird in der Serra da Estrela durch Cryptogramma crispa charakterisiert. 
Folgende Arten diffenzieren gegen die übrigen Schuttgesellschaften: Sedum anglicum, Nardus 
stricta, Silene acutifolia, Galium saxatile, und viele Moose wie Polytrichastrum alpinum, 
Kiaeria starkei, Pseudotaxiphyllum elegans, Dryptodon patens, Plagiothecium denticulatum 
und Barbilophozia floerkei. Die Affinität mit dem Digitali-Leontodontetum drückt sich im 
Vorkommen folgender gemeinsamer Arten aus: Dryopteris oreades, Agrostis castellana und die 
Moose Lescuraea patens und Brachythecium dieckii. 
Meistens bleiben Moose und Flechten in Aufnahmen auf der Iberischen Halbinsel 
unberücksichtigt. Deshalb ist es schwierig, ihre pflanzensoziologische Stellung anzugeben. 
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Selbst in der Estrela ist es zur Zeit nicht möglich, lokale Charakterarten zu unterscheiden, weil 
bisher eine syntaxonomische Übersicht fehlt. Bis auf weiteres kann bei den Moosen nur von 
lokalen Differentialarten die Rede sein. 
Die Assoziation wird nach Rivas-Martínez (1977, 1981b) eigentlich nur durch die Präsenz von 
Cryptogramma crispa und Dryopteris oreades charakterisiert. Cryptogramma crispa ist 
Charakterart der Androsacetalia alpinae; Dryopteris oreades ist Charakterart des Dryopteridion 
oreadis (Polystichetalia lonchiditis). Rivas-Martínez und seine Mitarbeiter stellen das 
Cryptogrammo-Dryopteridetum in die Polystichetalia lonchiditis (Rivas-Martínez et al. 1989). 
Diese Ordnung hat wenigstens im Sistema Central nur eine Charakterart, und zwar Polystichum 
lonchitis. In allen von Rivas-Martínez et al. (l.c.) für die Sistema Central genannten 
Ausbildungen des Cryptogrammo-Dryopteridetum kommt Polystichum lonchitis aber nicht vor. 
Außerdem fehlt dieser Farn in der Estrela. Weil Cryptogramma crispa Charakterart der 
Androsacetalia alpinae ist, soll die Gesellschaft wenigstens in dieser Ordnung untergebracht 
werden, wie dies zuerst Rivas-Martínez (1981b) drei Jahre vor der Erstbeschreibung der Poly-
stichetalia lonchiditis (Rivas-Martínez et al. 1984) getan hat. Auch in der Tabelle des 
Cryptogrammo-Dryopteridetum , die Rivas-Martínez und seine Mitarbeiter damals für die Picos 
de Europa zur Ordnung Polystichetalia lonchiditis stellten, kommt Polystichum lonchiditis nicht 
vor (Rivas-Martínez et al. 1984, Tabla 48). In den Picos de Europa tritt Polystichum lonchiditis 
in Kalkschutthalden auf, und zwar im Linarion filicaulis (Thlaspietalia rotundifolii) und im 
Dryopteridion submontanae (Polystichetalia lonchiditis). Auch in Deutschland (Seibert 1974) 
oder Österreich (Englisch et al. 1993) tritt diese Art in Kalkblockschutthalden auf, und zwar im 
Polystichetum lonchitis (Petasition paradoxi, Thlaspietalia rotundifolii). Polystichum lonchitis 
ist wohl keine gute Charakterart, weil dieser Farn offensichtlich in zwei Ordnungen auftritt. 
Wenigstens in der Sistema Central würde es daher keine Ordnungscharakterart der 
Polystichetalia geben. 
Der einzige im Sistema Central innerhalb der Polystichetalia vorhandene Verband ist das 
Dryopteridion oreadis. Dieser hat dort nach Rivas-Martínez et al. (1989) zwei Charakterarten, 
und zwar Dryopteris oreadis und Dryopteris expansa. 
Dryopteris oreades zeigt in den synoptischen Tabellen von Rivas-Martínez et al. (1989, Tabla 
2, 3) deutlich einen Schwerpunkt im Cryptogrammo-Dryopteridetum. In unserer Tabelle 1 über-
schreitet Dryopteris oreades die Grenze des Verbandes; die Art wächst gleich haüfig im 
Digitali-Leontodontetum und im Cryptogrammo-Dryopteridetum. Diese Verhältnisse lassen 
sich vielleicht durch das in den Westabschnitten des Zentralen Scheidegebirges stärker 
atlantisch getönte Klima erklären. In den meso- bis xerophytischen Beständen des Sileno 
foetidae-Rumicetum suffruticosi fehlt Dryopteris oreades fast ganz. Sonst wächst Dryopteris 
oreades in der Hoch-Estrela in Felsspaltengesellschaften der Asplenietea, ebenso wie 
Cryptogramma crispa. 
In der synoptischen Tabelle von Rivas-Martínez et al. (1989, Tabla 3) kommt die seltene Art 
Dryopteris expansa nur in Aufnahmen aus der Serra da Estrela vor. Ich habe den Farn nur in 
oder in der Nähe von Quellen angetroffen. Die Art scheint in der Estrela also nicht auf 
Schutthalden beschränkt zu sein. Im Cryptogrammo-Dryopteridetum selbst habe ich diese Art 
nie beobachtet. 
Das Dryopteridion oreadis scheint also wenigstens in der Serra da Estrela schwach 
charakterisiert zu sein. Es ist jedoch nicht angebracht, auf Grund meiner lokalen Erfahrungen 
diesen Verband zu verwerfen. Deshalb stelle ich das Dryopteridion oreadis vorläufig in die 
Androsacetalia alpinae. Erst wenn die Schuttgesellschaften der Iberischen Gebirge hinreichend 
untersucht sind, können die Charakterarten (einschließlich Kryptogamen) genauer festgestellt 
werden. 
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Das Cryptogrammo-Dryopteridetum findet sich nach Rivas-Martínez et al. (1989) in allen 
höheren iberischen Silikatgebirgen mit würmeiszeitlicher Vergletscherung, wie in den Py-
renäen, im Cantabrischen Gebirge, in der Sierra Segundera und in der Sierra de la Cabrera, dem 
Sistema Iberico-Soriano, Sistema Central und Sierra Nevada. Es gibt viele geographische 
Rassen, die meist als Subassoziationen beschrieben worden sind. Nach Rivas-Martínez et al. 
(1989) kommen vier davon im Sistema Central vor, eine davon soll sich in der Serra da Estrela 
befinden, und zwar das Cryptogrammo-Dryopteridetum digitaletosum carpetani. Diese 
Subassoziation wurde jedoch unterschieden, ohne einen nomenklatorischer Typ anzugeben. 
 
Cryptogramma crispa 
3.3.4.2 Synökologie, Verbreitung, Sukzession 
Das Cryptogrammo-Dryopteridetum ist in der Serra da Estrela eine seltene Gesellschaft, die 
kleinflächig auf feinerdereichen stabilen Schutthalden an hauptsächlich Grob- bis Blockschut-
treichen Stellen vorkommt. Im Gegensatz zum Digitali-Leontodontetum wird die Gesellschaft 
nicht periodisch durch Bäche überflutet. Das Substrat hat im allgemeinen einen relativ hohen 
Anteil organischer Substanz. Darauf deutet auch der relativ hohe Anteil von Nardetea-Arten 
wie Festuca henriquesii, Nardus stricta, Campanula herminii, Galium saxatile hin. Die Frische 
des Substrats zeigt sich in der Präsenz vieler Moose, wie Polytrichastrum alpinum, Lescuraea 
patens, Kiaeria starkei, Pseudotaxiphyllum elegans, Dryptodon patens. 
Ich habe das Cryptogrammo-Dryopteridetum fast nur in Karen nördlich des Cântaro Gordos 
gefunden, wo einst der Candieiragletscher wurzelte. Diese Stellen sind im Winter relativ gut 
gegen Kälte geschützt, weil sie dann oft von Schnee bedeckt sind. Festuca henriquesii (eigene 
Beobachtungen) und Kiaeria starkei (Frey et al. 1995) können als Schneezeiger gelten. Auch 
diese Gesellschaft zeigt ihr phänologisches Optimum auf Grund der langen Schneebedeckung 
erst im Spätsommer (August). 
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Die Kontaktgesellschaften gehören zu den Thlaspietea, Nardetea, Asplenietea, Montio-
Cardaminetea und Pino-Juniperetea. 
Das Cryptogrammo-Dryopteridetum ist eine Dauergesellschaft. 
Die Gesellschaft ist wegen ihr geringer Gesamtfläche potentiell gefährdet. 
3.4. Violetum langeanae Ortiz & Marcos Samaniego 1989 
3.4.1 Floristische Zusammensetzung und Syntaxonomie 
Tab. 2 umfaßt 22 Vegetationsaufnahmen des Violetum langeanae. Zehn davon stammen aus der 
Originalbeschreibung von Ortiz und Marcos Samaniego (1989). Das Violetum langeanae wird 
durch Viola langeana charakterisiert in Verbindung mit Arten, die in lückigen Pionier-Ge-
sellschaften auf offenen Trockenrasen, Sand- und Grusfluren allgemein verbreitet sind: Agrostis 
truncatula, Arenaria querioides, Jasione sessiliflora, Rumex angiocarpus, Sedum brevifolium, 
Micropyrum tenellum und viele andere. Einige Arten, die ihr Optimum in Schuttfluren haben, 
können vereinzelt vorhanden sein, wie Arrhenatherum cf. carpetanum und Linaria saxatilis. 
Zwei Varianten lassen sich unterscheiden, und zwar eine Variante mit Galium vivianum und 
eine mit Corynephorus canescens. In der letztgenannten wird außerdem eine Subvariante mit 
Cytisus oromediterraneus abgetrennt. 
Trennarten der Variante mit Galium vivianum sind Galium vivianum, Paronychia polygonifolia 
und Hypochaeris radicata. Außerdem sind vielleicht auch Sedum brevifolium, Festuca summi-
lusitana und Conopodium majus als Differentialarten innerhalb der Assoziation zu betrachten. 
Die syntaxonomische Stellung von Galium vivianum ist nicht ganz klar. In der Serra da Estrela 
scheint Galium vivianum vor allem Gesellschaften von Grusfluren (Juncetea trifidi, Koelerio-
Corynephoretea), Schutthalden (Thlaspietea) und Felsspalten (Asplenietea) oberhalb von 1600 
m NN zu bevorzugen. Nach der Übersicht der Fels- und Schuttvegetation in Galizien (Ortiz & 
Rodríguez-Oubiña 1993) zeigt sie sich auf jeden Fall als eine stete Art im Cryptogrammo-
Silenetum gayanae (Linario-Senecionion). Galium vivianum ist die diploide Form des 
tetraploiden Galium saxatile und ein Endemit im nordwestlichen Teil der iberische Halbinsel 
(Kliphuis 1981). 
Corynephorus canescens ist Differentialart der Variante mit Corynephorus canescens. Die 
Sammelart Avenula marginata ist eine schwache Trennart. 
Die Subvariante mit Cytisus oromediterraneus hat folgende Differentialarten: Cytisus oromedi-
terraneus (Bedeckung weniger als 25 %), Deschampsia iberica (beide Charakterarten der Pino-
Juniperetea) und Cerastium ramosissimum (Charakterart der Tuberarietea). Die beiden 
genannten Varianten dürften in Zukunft als Subassoziation bezeichnet werden, wenn eine 
Übersicht der Pionierfluren vorliegt. 
Weil Ortiz & Marcos Samaniego (1989) die Moose nicht berücksichtigt haben, ist es durchaus 
möglich, daß die Moose Ceratodon purpureus und Polytrichum piliferum nicht als Differenti-
alarten bewertet werden können. Beide Moose sind wenigstens in Mitteleuropa Charakterarten 
der Koelerio-Corynephoretea. 
Ortiz und Marcos Samaniego (l.c.) haben das Violetum langeanae den Thlaspietea zugeordnet. 
Die Anzahl und Deckung vieler Arten die in der Serra da Estrela und (ähnlichen benachtbarten 
Gebirgen des Sistema Central) auf Grus- und Sandfluren vorkommen, sind aber viel 
bedeutender.  
Aus Tab. 2 ist ersichtlich, daß vor allem Arten der Klassen Koelerio-Corynephoretea und 
Tuberarietea vorherrschen; solche der Thlaspietea und Ruderali-Secalietea sind weniger vertre-
ten. 
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Trotz der syntaxonomischen Überblicke von Valdéz-Franzi (1988), Sánchez-Mata (1989) und 
Amor et al. (1993) aus ähnlichen benachbarten Gebirgen des Sistemas Central (bzw. Sierra de 
Gata, westlichen Teile der Sierra de Gredos, Südhängen der Sierra de Tormantos) ist die 
Abgrenzung der Klassen Koelerio-Corynephoretea (in der einschlägigen Literatur noch Sedo-
Scleranthetea genannt), Tuberarietea oder Ruderali-Secalietea cerealis immer noch nicht klar. 
Die Einteilung der Arten in der Tab. 2 folgt größtenteils der Arbeit von Amor et al. (1993), in 
der nur Conopodium majus und die Kryptogamen nicht erwähnt werden. Die ökologische und 
pflanzensoziologische Zuordnung der Kryptogamen folgt vorläufig den in Mitteleuropa 
gewonnenen Erkenntnissen (vgl. Oberdorfer 1978, Weeda et al. 1996), die Zuordnung von 
Conopodium majus entspricht der Auffassung von Braun-Blanquet et al. (1952). Es sei darauf 
hingewiesen, daß einige wichtigen Arten, z.B. die steten Arten Agrostis truncatula, Rumex 
angiocarpus und Spergula morisonii, die Trennarten Paronychia polygonifolia und Cerastium 
ramosissimum und weitere von Braun-Blanquet et al. (1952) noch in den Verband Molinerion 
(Corynephoretalia) gestellt wurden. In den Niederlanden wurde außerdem eine Affinität von 
Hypochaeris radicata zu den Koelerio-Corynephoretea nachgewiesen (Weeda et al. 1996), 
während Amor et al. (1993) diese Art zur Klasse Molinio-Arrhenatheretea stellen. Insgesammt 
betrachtet kann das Violetum langeanae daher am besten der Klasse Koelerio-Corynephoretea 
zugeordnet werden. 
Wegen der Ungenauigkeit der bisherigen Kenntnisse und weil die vorliegende Arbeit sich 
schwerpunktmäßig auf die Thlaspietea bezieht, wird hier auf eine weitere Zuordnung innerhalb 
der Koelerio-Corynephoretea verzichtet. Mein Forschungsthema bezieht sich vor allem auf die 
höheren Teile des Estrela-Gebirges, während die Tuberarietea, Ruderali-Secalietea und zum 
Teil auch die Koelerio-Corynephoretea ihre größte Ausdehnung in den mittleren und niedri-
geren Lagen des Massifs haben. In den höher gelegenen Bereichen verschwinden fast alle Arten 
der Tuberarietea und Ruderali-Secalietea, während Elemente der Koelerio-Corynephoretea 
sich oft mit denen der Juncetea trifidi vermischen. Das Violetum langeanae wird in der 
vorliegende Arbeit nur berücksichtigt, weil diese Assoziation von den Erstbeschreibern zu den 
Thlaspietea gestellt wurde. 
Die Einteilung und Abgrenzung der genannten Syntaxa werden in Zukunft wohl klarer 
hervortreten, wenn möglichst viele Lokalarbeiten zusammengefaßt worden sind. 
3.4.2 Synökologie, Verbreitung, Sukzession 
Das auf die Westabschnitte des Sistema Central beschränkte, gelbblühende Stiefmütterchen 
Viola langeana wächst in der Serra da Estrela wahrscheinlich primär auf granitischen Grus-
fluren, die durch natürlichen Erosionsprozesse entstanden sind. 
Der Granitgrus ensteht vor allem durch Spaltenfrost bzw. Temperatursprengung aus dem 
anstehenden Gestein oder aus großen (manchmal erratischen) Blöcken, die z.T. massenhaft 
vorhanden sind. 
Der im Vegetationsmuster befindliche Grus kann an Ort und Stelle an der Felsoberfläche 
entstanden oder auch durch Wind und Wasser transportiert worden sein. Im Bereich des 
Zentralen Plateaus sind die Böschungen im allgemeinen oft flach, sodaß vor allem dort grusige 
Massen entstehen. 
Viola langeana wächst auch an sekundären Standorten, wie Strassenböschungen, Steingruben, 
Äckern und Brandflächen (s. Jansen 1994b). 
Die Variante mit Galium vivianum wächst im allgemeinen auf Rohböden, die zum größten Teil 
aus fein- bis grobkörnigem Feinschutt aufgebaut sind, dem wenig Sand beigemischt ist. Dies ist 
möglicherweide der Grund, warum Paronychia polygonifolia die Standorte dieser Variante zu 
bevorzugen scheint. Nach Rivas-Martínez et al. (1989) ist Paronychia polygonifolia 
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Charakterart der Androsacetalia alpinae, Ordnung der Silikatschuttgesellschaften. Die Variante 
mit Galium vivianum scheint die oben beschriebenen primären Standorte zu bevorzugen. 
Den Böden der Variante mit Corynephorus canescens ist meistens mehr Sand beigemischt. Die 
Subvariante mit Cytisus oromediterraneus findet sich auf rezenten Brandflächen, wo die Asche 
von verbrenntem organischem Material sich mit mineralischem Sand und Granitteilchen mischt. 
Hier kann es öfters zur Flächenerosion kommen, bei der die kleinen Partikel zuerst abgetragen 
werden. 
Nach Ortiz & Marcos Samaniego (1989) sind die Standorte der Variante mit Galium vivianum 
relativ feucht und die mit Corynephorus canescens relativ trocken. Wahrscheinlich ist der 
Unterschied im Quarzitgrus-Gehalt dafür verantwortlich. Wegen der relativ grusreichen 
Oberschicht des Substrats trocknen die Böden der Variante mit Galium vivianum 
wahrscheinlich weniger schnell aus als die relativ sandreicheren Böden der Variante mit 
Corynephorus canescens. 
In allen Ausbildungen wird die Beweglichkeit des Materials ohne Zweifel durch Abspülung 
(Regenwasser, Schmelzwasser), Winderosion (Ablation/Deflation) und Kammeisbildung 
verursacht, deren Einflüße an den Hängen von der Schwerkraft verstärkt werden. Wie diese 
Prozesse genau verlaufen, ist unbekannt; die Erforschung der dynamischen hydro-äolischen und 
kryologischen Prozesse innerhalb bestimmter Vegetationstypen (z.B. im Violetum langeanae) 
wird aber ein zukünftiges Projekt sein in Zusammenarbeit sein mit Herrn Gonçalo Teles Vieira 
vom Centro de Estudos Geográficos der Universität Lissabons sein (s. Daveau et al. 1997, 
Vieira & Cordeiro 1998, Vieira 1997). 
Die an primären und sekundären Standorten herrschenden ökologischen Bedingungen (Bewe-
glichkeit des Materials) stimmen einigermaßen mit denen der reinen Schuttfluren überein. 
Die Gesellschaft ist am besten im Spätfrühling entwickelt. Die gelben Blüten von Viola 
langeana sind in den niederen Lagen des Gebirges schon ab März zu beobachten. 
Die Art dürfte nach eigenen Beobachtungen in der Estrela bis auf 800 m NN (vor allem an 
Wegböschungen) hinabreichen. Die Gesellschaft entwickelt sich sowohl in der supra- als auch 
in der oromediterranen Zone, scheint aber am besten zwischen 1600 und 1800 m Höhe zu 
gedeien. 
Sie hat eine mittlere Artenzahl von 13,5 und wächst sowohl auf Verebnungen als auf schwach 
bis stark geneigten Stellen, ohne irgendeine Windrichtung zu bevorzugen. 
Das Violetum langeanae ist eine offene Gesellschaft. Die Gesamtdeckung variiert, liegt aber 
durchschnittlich unter 50 %. Meistens ist die Gesellschaft kleinflächig (auf einer Fläche von 
weniger als 10 m2) entwickelt. Vor allem die Ausbildungen mit Cytisus oromediterraneus 
können zeitweise aber auch größere Flächen besiedeln (öfters mehr als 100 m2), wobei die 
Artenzahl nicht bedeutend zunimmt. 
Nach Ortiz & Marcos Samaniego scheint das Violetum eine endemische Gesellschaft der Serra 
da Estrela zu sein. Viola langeana ist auf die westliche Hälfte des Sistemas Central beschränkt 
(Muñoz Germandia et al. 1993). Denkbar ist daher, daß die Gesellschaft auch in der Serra da 
Gardunha, der Serra da Malcata und in den spanischen Westabschnitten vorkommt. 
Kontaktgesellschaften sind solche der Koelerio-Corynephoretea (u.a. Arenario-Cerastietum, 
Stipa gigantea-Rasen), der Juncetea trifidi (Jasiono-Minuartietum), der Thlaspietea (Trisetum 
hispidum-Dominanzgesellschaft, Sileno foetidae-Rumicetum suffruticosi), der Pino-Juniperetea 
(Lycopodio-Juniperetum, BG Cytisus oromediterraneus-[Pino-Cytision], der Calluno-Ulicetea 
(Junipero-Ericetum), Bestände von Genista cinerascens (Cytisetea striato-scoparii) u.a.  
Die Sukzession verläuft an den primären Standorten in den höheren Lagen des Gebirges 
langsam. Dauer- oder Schlußgesellschaften gehören hier wohl vor allem zu den Pino-
Juniperetea oder den Juncetea trifidi. Die Subvariante mit Cytisus oromediterraneus entwickelt 
sich relativ schnell zur BG Cytisus oromediterraneus-[Pino-Cytision] (s. Jansen 1994b, Jansen 
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et al. 1997). In den niederen Lagen verläuft die Sukzession schneller. Hier gibt es 
wahrscheinlich eine große Menge von Folgegesellschaften, u.a. Bestände die zu den Koelerio-
Corynephoretea, Cytisetea striati-scoparii oder den Calluno-Ulicetea gehören und ohne weitere 
Störung zum Quercus pyrenaica-Wald führen. 
Syntaxonomische Übersicht 
Thlaspietea rotundifolii Br.-Bl. 47 
 Androsacetalia alpinae Br.-Bl. in Br.-Bl. & Jenny 26 
 Linario saxatilis-Senecionion carpetani Rivas-Martínez 63 
  Cryptogrammo-Silenetum gayanae Fernández Prieto 83 corr. Penas Merino et al. 91 
  Digitali carpetanae-Leontodontetum bourgaeani Jansen ass. nov. 
  Digitali carpetanae-Senecionetum carpetani Rivas-Martínez 63 
  Santolinetum oblongifoliae Rivas-Martínez 63 
  Sesamoido-Silenetum gayanae Izco & Ortiz 87 corr. Penas Merino et al. 91 
  Sileno foetidae-Rumicetum suffruticosi (Rivas-Martínez) Jansen ass. nov.  
  Triseto hispidi-Rumicetum suffruticosi Fernández Prieto 83 
  Trisetum hispidum-Dominanzgesellschaft 
 Dryopteridion oreadis Rivas-Martínez 77 nom. mut. 
  Cryptogrammo-Dryopteridetum Rivas-Martínez in Rivas-Martínez & Costa 70 
 Polystichetalia lonchitidis Rivas-Martínez, T.E. Díaz, F. Prieto, Loidi & Penas 84 
 Dryopteridion submontanae Rivas-Martínez, T.E. Díaz, F. Prieto, Loidi & Penas 84 
 Thlaspietalia rotundifolii Br.-Bl. in Br.-Bl. & Jenny 26 
 Linarion filicaulis Rivas-Martínez in F. Prieto 83 
 Petasition paradoxi Zoll. 66 
  Polystichetum lonchitidis (Oberd. 57) ex Béguin 72   
   
Floristischer Anhang 
 
Die folgende Liste enthält Pflanzennamen mit Referenzen, die nicht der Flora Iberica, Nova 
Flora de Portugal, oder der Flora Europaea folgen. Außerdem werden hier die im Text oder in 
den Tabellen abgekürzte Namen ausgeschrieben. 
 
Agrostis truncatula Parl. subsp. truncatula Romero García in Ruizia 7: 137 (1988). 
Angelica major (Lag.) Gutiérrez Bustillo in Lazaroa 3: 154. 
Arrhenatherum elatius subsp. carpetanum inédit. 
Coincya monensis subsp. orophila 
Cytisus oromediterraneus Rivas-Martínez, Díaz, Prieto, Loidi & Penas in Los Picos de Europa: 
264, (1984). 
Deschampsia flexuosa (L.) Trin. subsp. iberica Rivas-Martínez in Anal. Inst. Bot. Cavanilles 
21: 297, (1963). 
Digitalis purpurea subsp. carpetana (Rivas Mateos) Rivas-Martínez, Fernández-González & 
Sánchez-Mata in Opusc. Bot. Pharm. Complutensis 2: 108, (1986). 
Doronicum pubescens C. Pérez-Morales, A. Penas, F. Llamas & C. Acedo in Lazaroa 14: 7-9 
(1994). 
Doronicum pubescens var. nemoralis C. Pérez-Morales, A. Penas, F. Llamas & C. Acedo in 
Lazaroa 14: 9 (1994). 
Festuca summilusitana Franco & Rocha Afonso in Bol. Soc. Brot., sér. 2, 54: 94-95, (1980). 
Galium saxatile subsp. vivianum 
Genista cinerea subsp. cinerascens 
Jasione crispa subsp. centralis 
Jasione crispa subsp. sessiliflora 
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Juniperus communis subsp. alpina 
Lactuca viminea subsp. viminea 
Ranunculus ollissiponensis subsp. ollissiponensis 
Senecio pyrenaicus subsp. caespitosus 
Silene foetida subsp. foetida 
Solidago virgaurea subsp. fallit-tirones (Font Quer) Rivas-Martínez, Fernández-González & 
Sánchez-Mata in Opusc. Bot. Pharm. Complutensis 2: 118, (1986). 
 
 
Senecio pyrenaicus subsp. caespitosus 
 
Silene foetida subsp. foetida 
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Chapter 6 
The vegetation of shallow waters and seasonally inundated habitats 
(Littorelletea and Isoëto-Nanojuncetea) in the higher parts of the Serra da 
Estrela, Portugal 
 
With Dr. Miguel Sequeira (University of Madeira, Centro de Estudos da Macaronésia). 
 
 
 
Lagoa Redonda with aspect of Potamogeton polygonifolius 
 
 
 
This chapter is substantially similar to the paper: 
Jansen J & Sequeira MPSM 1999 The vegetation of shallow waters and seasonally inundated 
habitats (Littorelletea and Isoëto-Nanojuncetea) in the higher parts of the Serra da Estrela, 
Portugal. Mitteilungen des Badischen Landesvereins für Naturkunde und Naturschutz, N. 
F.17(2): 449-462. 
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Abstract 
 
A survey is presented of the Littorelletea and Isoëto-Nanojuncetea in the upper parts of the Serra 
da Estrela. Eleven major plant communities are distinguished, including one new association and 
three new subassociations. All of them are discussed with respect to floristic composition, 
syntaxonomy, synecology, and distribution. General information on conservation is given. 
 
 
 
 
 
 
Aspect of Sparganium angustifolium (left) and Antinoria garostidea f. natans (right)
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1. Introduction 
The first author visits the Serra da Estrela since 1989 in order to produce a synopsis of its 
vegetation. So far a major part of the fieldwork has been carried out and publication of the results 
is in progress (Jansen 1993, 1994a,b, 1997, 1998, Jansen et al. 1997, Jansen & Sérgio subm.6). 
This paper deals with the seasonally-inundated vegetation of the supra- and oromediterranean 
belt only. Dwarfrush and Quillwort communities of the mesomediterranean belt were beyond the 
scope of this study. 
1.1 Topography, geomorphology and climate 
The Serra da Estrela is situated in the central-east of the country and holds by far the highest 
peak (1993 m) of continental Portugal. It constitutes the western part of the Iberian Sistema 
Central. 
The highest plateau of the Serra da Estrela was once covered by an ice-cap and from it several 
valley glaciers diverged towards the lower areas (Vieira & Ferreira 1998). The geomorphology 
of some relevant biotopes is directly related to this glacial history, e.g. cirques containing 
numerous lakes and polished rocks. 
The precipitation regime is marked by a clear Mediterranean influence in the annual rhythm and 
presents interannual and intermonthly irregularities (Vieira & Mora 1998). Data from the 
weather station at Penhas Douradas (alt. 1,383 m) show a mean annual precipitation of almost 
2,000 mm. Daveau et al. (1985) calculate a maximum above 2,500 mm in the central plateau, a 
minimum of ca. 1,000-1,200 mm in the northwest and southeast piedmont areas. Most of the 
area above 1,400 m a.s.l. would receive a mean between 2,000 and 2,500 mm a year. 
The mean annual sunshine at the weather station exceeds 2,500 hours and the mean annual 
temperature is 8.9C with January being the coldest month (2.4C) and July the warmest 
(17.2C). For more detailed information we refer to Vieira & Mora (1998). 
 
1.2 Vegetation and land use 
 
The variety of the climate is expressed by the mosaic of the biotopes joining mainly 
Mediterranean and Atlantic, but also Continental, Alpine and Boreal phytogeographic elements. 
The Serra da Estrela is considered a centre of endemic and narrowly distributed taxa (Moreno 
Saiz & Sainz Ollero 1992). Numerous European plant species attain their southwestern limits 
here. According to Jansen (1997) its flora includes about a quarter of the preliminary Portuguese 
red list of vascular plants (Ramos Lopes et al. 1990). The area contains at least 36 habitats of the 
„Habitats Directive‟ (Jansen l.c.), including the seasonally inundated habitats which have priority 
(Commission Européenne 1995). 
Palynological studies show that human impact already started more than 7,000 years ago (Van 
der Knaap & Van Leeuwen 1997). The influence of man increased in various steps during 
several stages finally leading to the disappearance of the original forests. 
                                                          
6 The results of the research on Montio-Cardaminetea in the Serra based on 80 relevés (including amongst others more than 
hundred different bryophyte species of which several new to Portugal and one to science) were presented at the Jahrestagung 
der Gesellschaft für Quellökologie und Quellschutz e.V. / Society for Spring Ecology and Conservation at the 
Naturschutzzentrum Nordrhein-Westphalen in 1998 in Recklinghausen. This presentation was submitted for publication in 
Crunoecia 8  (in 1999) entitled „Vegetation of springs and brooklets (Montio-Cardaminetea) in the Serra da Estrela 
(Portugal)‟. Unfortunetely the first author had no opportunities to fully elaborate the article referred to as Jansen & Sérgio 
(subm.) and as a result it was not published. 
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In general, burning and summer grazing are the major factors in the landscape of the central 
plateau. Here nature kept its oligotrophic character. In this landscape some short-lived 
communities occur like the Juncetum nanae and monospecific stands of Molineriella laevis. 
Sparganium angustifolium may be found in the littoral zone of lakes and small waters. At the 
margin of these waters and in slow-flowing intermittent rivulets the Fontinali-Ranunculetum 
ololeuci occurs. Through the construction of hydro-electrical dams some of the lakes and basins 
have been transformed into artificial water storage reservoirs. The cirques and ancient glacial 
valleys host the Holco-Bryetum, both in the oro- and supramediterranean belt. 
In the supramediterranean belt, especially in the plateaus of Folgosinho and Videmonte, the still 
functioning agricultural system shows affinities with the lost heathland culture in the Northwest-
European planes. It is in this cultural landscape that fragments of the Helodo-Sparganion 
communities occur as well as Dwarfrush communities like the Cicendietum and the 
Molineriello-Illecebretum. 
 
2. Material and Methods 
 
Fieldwork was mostly carried out in summer (1994-1998) at altitudes mostly exceeding 900-
1,000 m. Consequently communities with early vernal or autumnal development, especially from 
lower areas were beyond the scope of this study. Relevés were made by the first author 
according to the Braun-Blanquet method (Braun-Blanquet 1964, Westhoff & Van der Maarel 
1973). Quantative occurrence was estimated according to the ninefold scale of Barkman et al. 
(1964) transformed to the nine Arabic numerals starting 1 up to and including 9. The relevés 
were stored in a database with the computer program TURBOVEG (Hennekens 1996). In the 
synthetic phase TWINSPAN (Hill 1979) was used for arranging the relevés into more or less 
homogeneous clusters. SHIFTTAB (Hennekens 1996) has been used for obtaining an optimal 
classification by relocating relevés and species based both on field knowledge and the literature 
involved. 
Species nomenclature of vascular plants follows Flora iberica as far as issued (Castroviejo et al. 
1986-1997), Nova Flora de Portugal as far as issued (Franco 1971, 1984, Franco & Afonso 
1994), otherwise Flora Europaea 5 (Tutin et al. 1980), except for Agrostis truncatula Parl. subsp. 
truncatula Romero García in Ruizia 7: 137 (1988), Antinoria agrostidea f. agrostidea and f. 
natans as treated by Pinto da Silva (1946) and Menezes de Sequeira & De Koe (1996), 
Spergularia rubra subsp. capillacea (Kindb. et Lge.) Rivas Mart. in Anal. Inst. Bot. Cavanilles 
21(1): 210 (1963), and Juncus tenageia subsp. perpusillus Fdez.-Carvajal & Navarro in Pub. 
Dep. Bot. Fac. Farmacia Salamanca 1: 28 (1979). Lichens are named according to Wirth (1987), 
mosses according to Frey et al. (1995), except for Racomitrium hespericum Sérgio, Muñoz & 
Ochyra in The Bryologist 98(1): 112 (1995). Nomenclature of syntaxa generally follows Rivas-
Martínez et al. (1994). Missing or deviating names are written at length, only the first time in the 
text. 
 
3. Results and Discussion 
 
3.1 Littorelletea 
 
The result of the classification is given in Table 1 (Appendix 1). 
 
3.1.1 BC Sparganium angustifolium-[Littorellion] 
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This is an extremely rare community, which is characterised by the dominance of Sparganium 
angustifolium, only sporadically accompanied by Antinoria agrostidea forma natans and 
Drepanocladus fluitans (see Tab. 1). 
Palynological studies show that once Isoëtes sp. was present in some former glacial lakes (Van 
der Knaap & Van Leeuwen 1997). Therefore the stands of Sparganium angustifolium may be 
considered relicts of former Sparganium-Isoëtes communities, containing boreal elements. They 
constitute the westernmost part of the network of five endemic Littorellion communities of some 
important mountainranges in the Iberian Peninsula (e.g. Rivas-Martínez et al. 1994). 
Within Portugal Sparganium angustifolium is restricted to the higher parts of the Serra da 
Estrela. The small-sized stands may be found at the margin of former glacial lakes or other 
standing waters, always in the oromediterranean belt. Water depth varied from 30 to 150 cm. 
Mean conductivity was less than 20 μS/cm; pH varied from 5.5 to 6. All of the waters are 
situated in the granitic part of the mountain. The substratum exists mainly of mineral soil, only 
little-enriched with fine organic material. Boavida & Gliwicz (1994) classify the ten largest lakes 
of the Serra da Estrela as oligotrophic in the trophic state index for lakes (Carlson 1977). 
Zonation of the floating communities starts with stands of Sparganium angustifolium in the outer 
reaches of the littoral zone, followed by the Fontinali-Ranunculetum antinorietosum with 
decreasing water depth.  
 
3.1.2 Fontinali antipyreticae-Ranunculetum ololeuci (lusitanici) Br.-Bl., P. Silva, Rozeira & 
Fontes 1952 nom. mut. em. Jansen 
 
 
Fontinali-Ranunculetum fontinaletosum antipyreticae 
 
The Fontinali-Ranunculetum is characterised by Ranunculus ololeucos. Antinoria agrostidea is 
locally a good differential species. In combination with the presence of Ranunculus ololeucos (= 
R. lusitanicus), the following mosses may be considered differential species as well: 
Drepanocladus fluitans, Fontinalis antipyretica, F. squamosa, and Scapania undulata. Without 
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the prominent presence of vascular plants, moss carpets may better be regarded as moss 
communities, i.c. Fontinaletum antipyreticae Kaiser 1926, Fontinaletum squamosae Hertel 1974 
or Scapanietum undulatae Schwickerath 1944. 
The original description was based on two incomplete relevés (Braun-Blanquet et al. 1952). In 
one relevé cover abundance of Fontinalis was absent and in the other all cover abundances were 
absent. In this paper 26 relevés are presented (Tab. 1). Relevé 17 is chosen as lectotype of the 
association. 
Two subassociations are proposed: the Fontinali-Ranunculetum fontinaletosum antipyreticae 
Jansen subass. nov. hoc loco (Tab. 1, nr. 6-16; lectotype is nr. 12), and the Fontinali-
Ranunculetum antinorietosum agrostideae Jansen subass. nov. hoc loco (Tab. 1, nr. 18-32; 
lectotype is nr. 20). Differential species of the latter are Antinoria agrostidea (both forms), 
Potamogeton polygonifolius, Juncus heterophyllus, Juncus bulbosus and Drepanocladus 
fluitans. Differential species of the former are Fontinalis antipyretica and Scapania undulata. 
The association occurs in oligo- to perhaps mesotrophic (in exceptional cases slightly dystrophic) 
waters. The subass. antinorietosum occurs in stagnant or slow-flowing waters, the subass. 
fontinaletosum in slowly to moderate-flowing waters. Conductivity is usually low (< 20 μS) with 
some few exceptions. This may be related with excessive road gritting, recently constructed 
concrete gutters along the national road, and local dumps from an open sewer system near the 
summit (Jansen 1997). We have only two measurements of pH (both 5.5). The substratum varies 
from sand and gravel (both often mixed with fine organic material) to peat or organic sludge. 
In peaty situations the Fontinali-Ranunculetum is replaced by stands of Carex nigra, which in 
turn transgrade into the so-called Junco squarrosi-Sphagnetum compacti Br.-Bl., P. Silva, 
Rozeira & Fontes 1952. Near springheads the association may be replaced by the Myosotidetum 
stoloniferae Br.-Bl., P. Silva, Rozeira & Fontes 1952 (Jansen & Sérgio subm.). At lower 
altitudes in permanent streams with a larger catchment area, the association is replaced by 
rheotolerant stands of Ranunculus pseudofluitans (Ranunculetum pseudofluitantis inédit) which 
may also be accompanied by Fontinalis. In fast-flowing flushes at high altitudes, the association 
is replaced by some moss synusiae, mentioned before. 
So far, the Fontinali-Ranunculetum is only reported from the Serra da Estrela. The second author 
observed Ranunculus ololeucos growing together with Antinoria in the Carris and Marinho 
lagoons in the Serra do Gerês. Considering the distribution area of both Ranunculus ololeucos 
(Pizarro 1995) and Antinoria agrostidea (Moreno Saiz & Sainz Ollero 1992), the association 
may be present in the northwestern quadrant of the Iberian Peninsula. 
 
3.1.3. Other assemblages of the alliance Helodo-Sparganion 
 
In the northern part of the Serra da Estrela, Hypericum elodes mainly grows in seepage areas of 
irrigated hay-meadows (Molinietalia), sometimes accompanied by Baldellia alpestris. In the 
Serra de Montemuro, situated ca. 75 km NW of the Serra da Estrela, we found stands of 
Hypericum elodes and Baldellia alpestris luxuriously mingling with Potamogeton 
polygonifolius, Juncus heterophyllus and Antinoria agrostidea. Such vegetation can easily be 
assigned to the Hyperico-Potametum (Tab.1 nr. 33-37). The area shows a stronger Atlantic 
influence (s. Teles 1970), and the altitudes of the sampled stands (ca. 1,000 m a.s.l.) are more or 
less the same as those from the Serra da Estrela. The presence of Baldellia alpestris is striking. 
As far as we know, this is the first time that relevés containing this Iberian endemic are 
published. The number of relevés is too low to assess the position of Baldellia alpestris. 
Therefore it is not clear wether a new subassociation is concerned or perhaps a new association. 
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Baldellia alpestris 
 
The more or less monospecific stands of Scirpus fluitans are described as Scirpetum fluitantis. 
These occurred sometimes in mosaic with the Hyperico-Potametum in the Serra de Montemuro 
(Tab. 1, nr. 38,39). 
Other stands may be described as fragments or basal communities (Tab. 1, nr. 40-49). 
We have no measurements of the water quality. The trophic state may be higher than in the 
Fontinali-Ranunculetum, since the Hyperico-Potametum baldellietosum occurs in lower situated 
areas with usually more accumulation of nutrients and a stronger influence of the agriculture. In 
the Serra de Montemuro we observed that the stands were partly trampled by cattle. 
 
3.2 Isoëto-Nanojuncetea 
 
The result of the classification is given in Table 2 (Annex 1) 
 
3.2.1 Juncetum nanae (Tab. 2, nr. 1-4) 
 
Character-species is Juncus tenageia subsp. perpusillus (= Juncus tenageia f. nana P. Cout.). 
Differential species is Spergularia rubra subsp. capillacea, a second Iberian endemic. Relevé nr. 
4 can be seen as a transition to the Molineriello-Illecebretum (or vice versa). 
The stands of the Serra da Estrela can be assigned to the Juncetum nanae typicum, originally 
decribed from the Sierra de Gredos (Rivas-Martínez 1963). In Spain, the association is assigned 
to the Preslion (Rivas-Martínez et al. 1994). The few relevés of the Serra da Estrela show strong 
affinities to the Cicendion. Because a small amount of relevés is involved and considering the 
local character of the study, we choose to follow the opinion of Rivas-Martínez et al. (l.c.). 
The Juncetum nanae occurs in seasonally inundated hollows (Portuguese: charcos, poças) in 
Nardus grasslands, which are subjected to summer grazing (sheep mainly, but also goats and 
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cows). The association is well-developed in summer, when the hollows run dry. The presence of 
the Juncetum nanae in the Serra da Estrela was already noticed by Rivas-Martínez (1981b). 
 
 
Spergularia rubra subsp. capillacea and Juncus tenageia subsp. perpusillus 
 
 
3.2.2 Cicendietum filiformis Allorge 1922 (Tab. 2, nr. 5-7) 
 
Characteristic species is Cicendia filiformis. 
From Spain the closely related Hyperico humifusi-Cicendietum filiformis is reported. It seems 
that the few relevés from the Serra da Estrela show more affinities with the Cicendietum, the 
latter being less Mediterranean than the Hyperico-Cicendietum. 
From all in this paper described communities of the Cicendion, this is the best example of a 
„warp-and-woof‟ community sensu Tüxen & Lohmeyer (1962). The Cicendietum consists of 
dwarf plants occupying microsites (the warp) within taller formations (the woof). The micro-
stands in question seem to be replaced by grasslands of the Molinio-Arrhenatheretea in the 
course of the season. This is assumed to happen somewhere by the end of spring or the 
beginning of summer, depending on the altitude and the fluctuation of the climate. 
All three microsites occurred on gentle slopes receiving seepage water, at least during the time of 
sampling. In a wet-dry gradient they may occupy a small traject in places with favourable 
moisture contents, which may vary from year to year, indeed depending on the fluctuation of the 
weather conditions (Lemaire et al. 1998). The three microsites concerned are less dependent on 
the fluctuation of precipitation, because they receive seepage water too, be it intermittent or 
permanent. In all three sites the soil consisted of loamy sand over metasediment rocks (schist-
grauwacke). Altitude varied from 700 to 1,070 m, all in areas with extensive grazing. 
The Cicendietum is the rarest Dwarfrush community in the study area, the Molineriello-
Illecebretum is relatively the most common one. 
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3.2.3 Molineriello laevis-Illecebretum verticillati Rivas Goday (1953) 1964 nom. mut. (Tab. 2, 
nr. 8-33) 
 
Of the six characteristic species mentioned by Rivas Goday (1964) the following are present: 
Illecebrum verticillatum, Hypericum humifusum, Juncus capitatus and Radiola linoides. 
Spergularia rubra subsp. capillacea and S. rubra subsp. rubra do not occur in the stands 
originally described from lower mountainous zones in the Extremadura. Therefore a new 
subassociation is proposed: Molineriello-Illecebretum spergularietosum rubrae Jansen subass. 
nov. hoc loco. Lectotype is rel. 8 (Tab. 2). Both subspecies of Spergularia rubra are differential 
species. 
According to Rivas Goday (1970) the association takes an intermediate position between the 
Nanocyperion and Cicendion. The Molineriello-Illecebretum spergularietosum may be 
considered a European south-Atlantic counterpart of the Digitario-Illecebretum Diemont, 
Sissingh et Westhoff 1940 (= Spergulario rubrae-Illecebretum Sissingh 1957) described from 
Atlantic to sub-Atlantic parts of The Netherlands and Germany (Lemaire et al. 1998, Täuber 
1999). Analogously Agrostis capillaris, a differential species so frequent in the latter, is replaced 
by the southern closely related Agrostis castellana, a differential species, so frequent in the 
former. 
Because of the small amount of relevés involved, a subtype with Lythrum portula and 
Spergularia rubra (nr. 28-33) from relatively wetter habitats, is considered a variant only. 
Stands of the Molineriello-Illecebretum spergularietosum occur around the edges of pools, 
rivers, shallow ditches, gravel pits, rye-fields, footpaths, road verges, car tracks, drove-roads, 
etc.. The (shallow) soils may be bare or sometimes covered with a poorly developed humus 
layer. They are mostly sandy, sometimes silty and they frequently contain coarse-grained quartz 
granules, especially with increasing altitude. Periodical inundation or percolation at low water 
levels is assumed during a considerable part of the rainy season (from October until July). The 
water mostly comes from direct precipition or indirectly from run-off, more rarely from seepage. 
Mostly standing waters are concerned, but sometimes slowly running. The altitude of the relevés 
varies from 550 up to 1,630 m. From all species occurring in the Molineriello-Illecebretum 
spergularietosum, only Spergularia capillacea and Molineriella laevis (occasionally Juncus 
capitatus) seem to reach the highest plateaus of the Serra da Estrela. 
So far the presence of the Molineriello-Illecebretum spergularietosum is noticed in the Serra da 
Estrela and in the Serra de Montemuro (Tab. 2, nr. 32,33). 
 
3.2.4 BC Molineriella laevis-[Cicendion] 
 
In the high plateaus (alt. > 1,600 m) Molineriella laevis occasionally occurs in open grasslands, 
but it may form densely populated small-sized stands in shallow hollows on sandy coarse-
grained soils, little enriched with fine organic material. These stands are decribed as BC 
Molineriella laevis-[Cicendion] (Tab. 2, nr. 34-36). 
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Holco-Bryetum in late spring 
 
3.2.5 Holco gayani-Bryetum alpini ass. nov. Jansen hoc loco (Tab. 2, nr. 37-55; lectotype nr. 
45) 
 
The Holco-Bryetum is characterised by Bryum alpinum in combination with the presence of 
Holcus gayanus and/or Molineriella laevis. The association consists of two synusiae. In the 
perennial moss carpets of Bryum alpinum many therophytes may occur, like Holcus gayanus, 
Molineriella laevis, Montia amporitana, Sedum maireanum, Ornithopus perpusillus, Logfia 
minima, and Micropyrum patens. Another characteristic feature is the presence of a large number 
of geophytes, so typical for Mediterranean Isoëtion communities (Moor 1937). To mention 
some: Merendera montana, Narcissus bulbocodium, Ornithogalum concinnum, and many rare 
species, most of which seem differentials (Tab. 2 addenda). The vascular plants in the perennial 
Bryum carpets have a typical southern growth rhythm. Some therophytes can be observed 
already in early winter. In early spring the aspect is formed by the flowered specimens of 
Narcissus bulbocodium and Crocus carpetanus. However, most species have a late vernal or 
early aestival maximum, depending on the weather conditions. In that period, the blond stalks 
and panicles of Holcus gayanus are often hiding the green to reddish-brown moss layer of Bryum 
alpinum which can only be seen at the fringe of the stands. Merendera montana is the last 
species to flower (medio to late summer). 
The Holco-Bryetum is both floristically and ecologically well-defined, but its syntaxonomical 
position is quite uncertain. In recent syntaxonomical surveys of relatively nearby situated 
mountains, Sánchez-Mata (1987) and Amor et al. (1993) consider Holcus gayanus a character-
species of the Tuberarietea. However, both authors notice its preference of (periodically) 
inundated habitats. Some species commute from the Isoëto-Nanojuncetea to the Tuberarietea. 
This feature was already noticed by Rivas Goday, who proposed a so-called Pre-Isoëtion 
suballiance within the Agrostion salmanticae for such shuttle vegetation (Rivas Goday 1956). A 
similar shift is known from dune slacks on the Westfrisian islands (Westhoff & Van Oosten 
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1991, p. 228). For the moment it seems the most appropriate way to consider both Holcus 
gayanus and Bryum alpinum local character-species of the Isoëto-Nanojuncetea. The clear 
presence of Molineriella laevis, but also the marked presence of the rare Sedum maireanum, 
together with the scattered occurrence of Radiola linoides and Juncus capitatus, may justify the 
Holco-Bryetum to be assigned to the Cicendion.  
Bryum alpinum acts as a pioneer on open sandy soils in Dwarfrush communities in the Serra da 
Estrela. However in cirques and higher parts of the glacial valleys it grows extremely well. There 
it forms cushions in intermittent, slowly percolating flows on warm gently sloped granitic rocks, 
polished by the ancient glaciers. 
From October to July there is a chance of freezing. One day in December 1998, the first author 
observed that Bryum carpets lit by the sun thawed during the day, but shaded carpets stayed 
frozen. The thawed cushions in question showed hibernating juvenile specimens of Holcus 
gayanus and others. Meltwater influence declines in the course of spring, admitting an increasing 
influence of rain water. It is then that temperatures of the Bryum carpets rise and the vascular 
plants start to come out, most of them reaching their maximal development from late spring to 
early summer. 
The preponderant rocky environment functions as a storage heater. It affects the microclimate of 
the Holco-Bryetum by direct thermal conduction and by the radiation of collected solar heat. 
Temperature extremes are pronounced on rocky surfaces. As long as the moss carpets are 
soaked, temperature fluctuations stay relatively attenuated (water has a high thermic capacity). A 
comparison of temperatures measured from June to August during the day in and about 2 m 
above the moss carpets, shows frequently higher temperatures of the air in the beginning, against 
frequently higher temperatures in the moss carpets in the course, of the growing season. In July 
moss carpets may be easily heated more than two times higher than its surrounding atmosphere. 
Temperatures of 40 C or more are not exceptional then. Desiccation triggers the „shrinking‟ of 
the carpet showing a verge of bare rock around it. 
A striking characteristic of the Holco-Bryetum is the high number of accidental species, most of 
which are rare, at least in the Serra da Estrela. This may be the result of the frequent wildfires 
(Jansen et al. 1997). For some species the temporarily irrigated Holco-Bryetum functions as a 
sanctuary. The stands occupy more or less natural habitats, calling up associations with the 
ephemeral flushes from tropical inselbergs described by Porembski (1999). Those habitats often 
carry a large number of endemics. This also applies to the Holco-Bryetum. A quarter of the 
vascular plants consists of Iberian endemics, of which Scilla ramburei subsp. beirana is 
extremely rare. So far it was known from one confirmed locality only (Moreno Saiz & Sainz 
Ollero 1992). 
Ephebe lanata, Marsupella sphacelata, Racomitrium aciculare and other Racomitrium species 
are transgressive cryptogams from contact communities, which are subjected to both shorter and 
faster irrigation. Racomitrium is represented by at least 12 species in the Serra da Estrela. Many 
of them can be found growing in intermittent flushes over siliceous rocks. Ephebe lanata and 
Polychidium muscicola have a similar ecology in Baden-Württemberg (Wirth 1987). 
Polytrichum commune may form dense carpets next to the Holco-Bryetum. In such 
circumstances the substratum consists of a little bit of coarse-grained soil enriched with fine 
organic material, usually measuring less than a few centimetres thickness. It is assumed that 
stream velocity is the lowest in such Polytrichum populations. Accidental flushes from extremely 
heavy showers may cause disturbance both in the Polytrichum stands and the Holco-Bryetum. 
Besides the aforementioned populations of cryptogams, contact communities belong to the 
Asplenietea, Montio-Cardaminetea, Pino-Juniperetea, Calluno-Ulicetea or Cytisetea scopario-
striati. Several millennia ago when climax forests still existed, stands of the Holco-Bryetum were 
perhaps more rare than today. Burning must have triggered the increase of its range. However, its 
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substrata are relatively hostile to tall perennial species. Only an occasional large shrub or tree is 
assumed to grow in nearby situated rock fissures. 
At low altitudes, the first author observed a mixed moss carpet of Campylium pilifer and Bryum 
alpinum in which an annual Sedum predominated. This Sedum may be an undescribed species. 
The ecology of the stand seems similar to that of the Holco-Bryetum, except for its altitude (550 
m)7. The study should be continued in the lower parts of the Serra da Estrela in order to complete 
this survey and to solve taxonomic problems. 
The Holco-Bryetum occurs in the Serra da Estrela and the Serra da Gardunha. In North-Portugal 
we observed poorly developed stands in the Serra do Gerês. In herbaria the second author found 
collections from Asturias containing specimens of both Holcus gayanus and Bryum alpinum. 
Considering the range of Holcus gayanus (Moreno Saiz & Sainz Ollero 1992) and Bryum 
alpinum (Störmer 1969), the Holco-Bryetum may be expected in other parts of the northwest 
quadrant of the Iberian Peninsula. 
 
3.3 Conservation management 
 
Main causes of vulnerability, threats and main actions to be taken are listed in Jansen (1997). We 
stress that the continuation of traditional land-use practices will be the best way to guarantee the 
conservation of Littorelletea and Isoëto-Nanojuncetea communities. Of course the local farmers 
and shepherds should be supported by the authorities, also by capitalizing on new developments 
(organic farming, eco-tourism, cultural heritage protection, ecologically sound water collection, 
etc.). 
The area is roughly covered by the Serra da Estrela Natural Park, which measures about 1,000 
km². The central area (ca. 5 km²) is a biogenetic reserve, approved by the Council of Europe in 
1993. For various reasons an adequate management of the total area is impossible (a.o. logistic 
problems, small number of employees, many different landowners, many different interests, 
insufficient legislation, insufficient knowledge, strong human pressure at lower altitudes and the 
very summit area). At least the major part of the Park should be included in the „Natura 2000 
network‟ (Jansen 1997)8. This will raise extra funding in order to improve the quality of its 
management. 
 
                                                          
7 See also Appendix 4.3. 
8
 This happened three years later by law no 76/2000 
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 Holco-Bryetum in summer 
 
 Holco-Bryetum in spring 
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Juncus capitatus (left) and Cicendia filiformis (right) 
 
Sedum maireanum
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BOX 2 
History of impacts on the landscape and on biodiversity in the Serra da Estrela since the 
Last Glacial 
 
Based on literature study, the following account is an attempt to illustrate that, following human settlement, 
changes in landscape and habitats were always related to changes in land use and the interplay of the territorial 
opportunities (‘genius loci’) with conditions imposed by climate, cultures, techniques, property-regimes, politics, 
and globalisation. Direct anthropogenic impacts on biodiversity include actions such as collecting, fishing, 
hunting, burning, cutting, mowing, ploughing, domestication of plants and animals, introduction of species from 
elsewhere and activities such as live-stock grazing. These actions changed vegetation patterns at different scales 
in time and space. The effects of these actions are not treated separately here, but are conveniently considered to 
be integrated in two overall land-use systems, transhumance and infield-outfield farming. Both systems would 
develop as a dynamo for market-oriented economic development such as the textile industry and cheese 
production. These economic systems, interacting at scales from the local and regional to nationally and abroad, 
demonstrated a capacity to adapt to changes until the middle of the 20th century. Transhumance (from the Latin 
trans (across) and humus (ground)) is the seasonal migration of livestock to suitable grazing grounds, i.e. 
lowlands in the winter and mountains in the summer. Infield-outfield farming is a farming system that makes use 
of the land at two different levels of intensity, with an intensively farmed infield, and an outfield exploited at low 
intensity and from which nutrients are transferred to the infield (Christiansen 1978, Hamerow 2004).  
 
Table 1. Six major periods of landscape change, with the 6th divided in 5 sub-periods. 
Nr Period (yr. ago) Dominant 
drivers 
Description 
1 12660-10410 Climate change Initially a cool periglacial climate with no or few plants. Gradually pioneer vegetation 
developed and succession towards forest; then backwards regression took place under 
changing climates.  
2 10410-8760 Climate change Development of xerothermic forests. Beginning of the Holocene with succession of mainly 
steppe vegetation towards xerothermic forests under warm and rather dry conditions 
3 8760-5730 Climate change Climate-induced dynamics of mesothermic forest. Change to moister and cooler climate, 
inducing a shift to mesothermic forests. In this period the first noticeable human interference 
took place. 
4 5730-3280 Farming 
Deforestation 
Anthropogenic forest dynamics. Human impact increased with localised over-grazing and 
soil erosion, but forests stayed largely intact. In lowlands c. 3360 yr ago final Bronze Age, 
beginning of Iron Age. 
5 3270-1015 Farming 
Deforestation 
Semi-deforested cultural landscape. Large-scale deforestation, but forests still retained their 
capacity to regenerate. Increase of chestnut ca. 2155 yr ago (cultivation by Romans?). 
Several cultures succeeded each other: Lusitanians, Romans, Sueves, Visigoths, Moors. 
Reconquista caused depopulation 10th to late 11th century. 
6a 1015-550 Farming 
Deforestation 
Anthropogenic pressure increased. Next steps in forest degradation. Strong erosion. 
Foundation of Portuguese kingdom 1139, Templars installed municipalities to defend and 
repopulate the area. The first legal commons. Medieval Warm Period. 
6b 550-120 Farming 
Deforestation 
Thick organic forest soils largely vanished, forests virtually disappeared, largely losing 
capacity of self-generation. Advanced water mills, wool industry, Methuen Treaty, cotton 
industry. Covilhã: ‘Portuguese Manchester’. Increased population, introduction of maize and 
potatoes, construction terraces, increased irrigation. Privatisation by farming families, 
dispersal of farms. From subsistence to more market-oriented farming. Little Ice Age. 
6c 120-60 Farming 
Afforestation 
Crisis heathland-based farming in Europe. Alternative: introduction of forestry in many 
countries including Portugal. Introduction State Forestry and first appropriation of the 
commons in Estrela. Increase of population. Improvement of transport infrastructure, 
innovation textile industry, installation primary schools, development of winter sports, health 
care (spa’s, sanatorium), mining industry, large dams for hydro-electric power and irrigation, 
introduction chemical fertilisers.  
6d 60-35 Farming 
Afforestation 
Abandonment 
End of transhumance, increasing forestry, decreased farming, strong population decrease. 
6e 35-0 Farming 
Afforestation 
Abandonment 
Wildfires 
Carnation Revolution 1974. Entrance of Portugal to EU in 1986. Estrela becomes Natural 
Park in 1993 and Natura 2000 site in 2000. Devastating wildfires, strong decline traditional 
farming, restoration of the commons, continuation forestry, installation mineral water 
industries, wind parks, university and other education centres, improved transport 
infrastructure, sewerage installations, booming tourism industry (wellness, ecotourism, 
culture, winter sports), regional quality products. 
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1. Introduction 
 
According to Van der Knaap & Van Leeuwen (1995, 1997) about six major periods of 
landscape change occurred in the Serra da Estrela since ca. 12600 BP. With additional data 
from the literature, a survey of these 6 periods is given in Table 1. In Table 1 the 6th period 
has been divided in 5 sub-periods. In the first periods of landscape change the dominant agent 
of change was the climate, but from the 4th period increasing anthropogenic actions (farming 
and deforestation) began impacting upon the environment, and from the 5th period onwards, 
overshadowed the effects of climate.  
 
2. Impact of climate change on biodiversity since the Last Glacial 
 
A remarkable feature after the climatic warming at the beginning of the Holocene was the virtual 
absence of a time lag in the immigration of most plant species into the Serra (Van der Knaap & 
Van Leeuwen 1995). This indicates that at least a large number of plant species survived the Late 
Glacial in relatively nearby refugia. Several authors have proposed possible migration routes for 
the Iberian Peninsula (e.g. Rivas-Martínez 1974, Moreno Saiz & Sainz Ollero 1997). In Estrela, 
European Temperate floristic elements may have migrated mainly from the northwestern Atlantic 
coast. Mediterranean mountain species, Boreo-Alpine and Arctic-Alpine elements probably 
spread across the inland mountain networks and floristic elements of the Mediterranean lowland 
must have come from southern inland and coastal regions. Most of these elements that occur in 
the present vegetation have been listed in Jansen (2002a). Although little is known about the fauna 
of that period it seems likely that animal species quickly invaded the region. The Peninsula is also 
considered an important territory for faunal refugia, one of them being Serra da Estrela (e.g. 
Gómez & Lunt 2007).  
We can approximately estimate the cover of vegetation formations in time (Chapter 9: Table 3), 
but not their total floristic composition and no reliable statement can be given about how many 
species if any, really became entirely extinct since the Last Glacial. There are indications of local 
extinction from less than a handful of plant species (e.g. Meum athamanthicum), but the fate of 
others is unknown as many species could not be identified on the species level (Van der Knaap & 
Van Leeuwen 1995, 1997). These and also animal species may however have survived elsewhere, 
while migrating to other areas outside Serra da Estrela as the diversity of terrain and climates in 
the Iberian peninsula offer multiple refuge opportunities. The Iberian Wolf (Canis lupus signatus) 
for example, became locally extinct only a few decennia ago but has survived in neighbouring 
areas (Cândido & Petrucci-Fonseca 2000); Meum athamanthicum still grows in various parts of 
the Iberian Peninsula (Villar 2003). 
 
3. Human activity until the establishment of the Portuguese Kingdom (c. 7600 BP until 
12th century) 
 
No hard evidence of human activity exists in the Serra da Estrela from before the last glacial 
maximum. If there had been traces in the higher parts, these would have been erased by the ice 
masses which during the Last Glacial, eroded the weathering mantle in the higher parts of the 
mountain (Vieira 2004). However, foraging movement of herbivores may well have triggered 
seasonal mobility of hunting humans from the nearby situated Côa Valley (areal distance ca. 60 
km) as early as ca. 30000 BP (Aubry et al. 2002, 2004). These early nomadic people - in a way 
the primitive precursors of the transhumants - could exploit ranges up to 2,000 km2, possibly 
including parts of Serra da Estrela in the favourable season (Aubry et al. 2004). 
The first suggested human ecological footprints in the lowlands date from ca. 7600 BP, to ca. 
5500 BP in the lower mountains, progressing to the higher altitudes a millennium later (Van der 
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Knaap & Van Leeuwen 1994, 1995). In Portugal the introduction of farming began along the 
coasts and spread slowly to the interior (Disney 2009, Zeder 2008, Zilhão 2001). The coastal 
areas had been reached at an early stage as a result of the maritime transport from the 
Mediterranean Basin; the first Neolithic domesticates in Central-Portugal dat back to around 
7300 BP (Zeder 2008). The palynological evidence for the occurrence of cereals and increased 
grazing activities in Serra da Estrela indicates that the Neolithic revolution must have taken 
place somewhere between 7600 BP and 4500 BP. This heralded a transition from a mobile to a 
sedentary lifestyle, and subsequently from a hunter-gatherer economy towards an economy in 
which agriculture and domestication of animals became important constituents. By about 3500 
BP anthropogenic change must have taken over the role of climate as the main driving force 
behind landscape modification in the region (Van der Knaap & Van Leeuwen 1995). Evidence 
of increased grazing (Van der Knaap & Van Leeuwen 1995, Van den Brink & Janssen 1985) 
may indicate that the settlers used domesticated animals. This also suggests the beginning of 
live-stock breeding and transhumance, using the additional fodder opportunities created by 
moving herds between pastures at different altitudes and latitudes to avoid the impacts of 
excessive thermal contrasts and the irregular rains. 
The introduction of farming and other innovations in agriculture and herding had spread from 
the Middle East westwards to become common in many parts of Europe. Such primal forms of 
globalisation eventually became the driving force behind the large-scale deforestation in the 
Estrela region that commenced around 3200 BP. This triggered selection pressures on both 
native species and the natural plant communities via burning, cutting, grazing and tilling. The 
development of metal instruments must also have contributed to an acceleration of these 
processes. According to Batata (2006) and Vilaça (1995, 2004), at least for the lower areas 
south and east of Estrela, the final Bronze Age and the beginning of the Iron Age is estimated 
about 3300 BP (calibrated). A cultural landscape evolved, though one in which forests remained 
an important feature. Grazing pressure evolved and both grasslands and shrublands spread, and 
possibly arable land as well. According to Van der Knaap & Van Leeuwen (1995) who 
discovered an increase of Carum verticillatum pollen in their diagrams from Candieira valley, 
wet hay-fields may have occurred as early as ca. 3500 BP. Significant rye cultivation started 
from ca. 3200 BP (Van den Brink & Janssen 1985) onwards, suggesting that infield-outfield 
practices may have already existed in that time, although slash and burn may have been the 
dominant tradition. Populations of vascular plant species that thrive in grasslands, shrublands, 
forest fringes and arable fields must have been given a boost. Today plant species that are 
considered characteristic of these habitat groups make up more than half of the Estrelean flora 
(Fig. 1). 
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Figure 1. Percentage of vascular plant species (n = 762) which are more or less considered characteristic for a 
certain habitat group in Serra da Estrela. Data based on Jansen (2002a). 
Periods of deforestation, stable phases and forest regeneration phases would have succeeded 
each other in response to changing patterns and intensity of human pressure (Van der Knaap & 
Van Leeuwen 1995). This alternation of pressures may have been related to invasions of 
warriors from rivaling tribes triggering the insecurity which hampers continuation of 
cultivation. Castros are probably the first tangible territorial traces of occupation. These are 
small settlements in high areas with both natural and man-made defensive structures, of which 
several have been identified for Serra da Estrela (Alarcão 1993). Castros were strategically 
situated to dominate the agricultural land and secure continued land use by providing a 
community refuge in times of danger. 
The first people inhabiting the area that are identified by name are the Lusitanians. These people 
of Indo-European origin lived here from at least 2600 BP onwards or perhaps earlier (Alarcão 
1993). They must have contributed to increased deforestation of the landscape, probably 
because they needed pastures for their live-stock. While transhumance may already have been 
practiced by the Lusitanians or during Roman times, there is no direct reliable tangible evidence 
from before the Visigoth period (Gómez-Pantoja 2004, Trindade 1981). 
The first written name of a person that was attributed to the area is Viriathus. He was born in the 
2nd century BC in the Mountains of Hermes, Herminius Mons, the name of Estrela in Roman 
times. Initially he may have lived an agro-pastoral life, but later he became leader of the 
Lusitanians, defending the territory against the Romans. The latter finally occupied the Serra da 
Estrela region and included it in the province Lusitania (Titus Livius, Periochae Exlibro LII) 
with the result that the Lusitanians became largely romanised, acquiring Roman culture and 
language. The Romans brought social stability and developed the principles of private, public 
and common property (see Box 3). They also contributed to the infrastructure in various ways. 
Villae were founded throughout Portugal triggering the process of urbanization as well as 
colonisation of the rural areas. These developments subsequently led to the new selection and 
adaptation processes that species underwent in these new circumstances. A large number of 
sites with remains of Roman settlements have been identified around the Serra da Estrela 
(Alarcão 1993). In the Roman era the main road between Lusitania and Gallicaea was 
constructed, leading through the Estrela mountains and connecting the region with important 
centres of knowledge and commerce in the north and the south. Another road crossing Estrela 
connected interior Iberian regions with the Atlantic littoral (Serrão & De Oliveira Marques 
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1996). This transport infrastructure provided new opportunities for the Estrelean economy while 
constituting a transition space between the northern minifundia (small farms, more focused on 
subsistance) and southern latifundia (large farms, more market oriented), both forms of 
agricultural organisation that had taken shape in Roman times and perhaps had already evolved 
in pre-Roman times (Disney 2009). The Romans were probably also responsible for introducing 
mining and starting spas. There is some controversy regarding the origin of Chestnut (Castanea 
sativa) and its claim to be an introduction of the Romans (e.g. Conedera & Krebs 2008, Krebs 
et al. 2004). In any case the increase of Castanea sativa in pollen diagrams from Estrela 
suggests chestnut cultivation by the Romans around 2095 BP (Van der Knaap & Van Leeuwen 
1995). Chestnut would become important as an extra source of food for the population. A major 
part of the understorey species of deciduous woodland types can be encountered in chestnut 
groves (Jansen 2002a) and it is assumed that they have functioned as a refuge for a number of 
forest species that lost the greater part of their former dwelling areas in the native woodlands. 
Today the chestnut groves occupy c. 1,250 ha (see Table 2) and are valued in their own right as 
a Natura 2000 habitat, i.e. 9260 Castanea sativa woods. 
In the 5th and 6th centuries after the fall of the Roman Empire, new peoples arrived in Portugal: 
Sueves followed by Visigoths. No information on this period exists for the Estrela region but in 
Iberia the first signs of the regulation of livestock transports and the routes they followed are 
found in the Liber Iudiciorum that was compiled in 654 by the Visigoths (García Martin 2004, 
Klein 1981). 
The next people to arrive in Portugal were the Moors, who improved and extended artificial 
irrigation based on oriental models, and introduced intensive horticulture and new crops to the 
Iberian Peninsula (Postan 1966, Caldas 1991). In Estrela little is known about this period. The 
conclusion of Antunes & Santos (1943) that at that time the mountain hosted large numbers of 
live-stock guided by shepherds travelling from other regions is questionable as the reference is a 
text by the geographer El-Edrisi dated 1151 who mentions the name El Charrat. However, 
whereas other Muslim writers indeed have used El Charrat to mean all mountains of the Sistema 
Central including Serra da Estrela, El Edrisi used the name El Sharrat or El Charrat exclusively 
for that mountain which is now known as Sierra de Guadarrama (Houtsma et al. 1936: p. 320). 
From the 10th until the late 11th or early 12th century during the Reconquista the region of Serra 
da Estrela became depopulated and a kind of no man‟s land with shifting demarcation lines 
existed between the Christian kingdoms in the north and the Moorish territories in the south. 
The mountain area „Corredor dos Moures‟ (Passway of the Moors), situated northeast of 
Manteigas, possibly refers back to this period. Most land-use activities ceased with only a few 
shepherds entering the area for grazing (Stanislawski 1959, Ribeiro & Daveau 1978, Barroca 
2004). As a result shrub encroachment and forest recovery are expected to have taken place, but 
this is not clearly reflected by a pollen increase in the diagrams of the palynological 
investigations. 
 
4. From legal commons until the first forestations (12th – 19th century) 
 
In general commons as a legal category for the use of natural resources in Portugal can be 
dated back to the foundation of the Portuguese kingdom in 1139 (Brouwer 1995a, see also 
Box 3). The Portuguese king sent the Knights Templar to Serra da Estrela to install 
municipalities in order to repopulate the area and to defend the region against intruders (De 
Freitas 1918, Ribeiro & Daveau 1978, Stanislawski 1959). In this period (12th century) most 
of the municipalities we know today were founded (e.g. Tente 2007). Most are situated 
around the mountain and close to streams. The mountain‟s role as a transition zone in Central-
Portugal appears once again as there was an early occupation and organisation of the land in 
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the north with relatively high population densities, whereas in the south much lower densities 
prevailed. As a result of the Reconquista the organisation of the municipalities started later, 
with the king urged to donate large amounts of money to get fixed populations in the area 
(Ribeiro & Daveau 1978). There is little direct information about the land use in Estrela in 
this period (12th -13th century), in contrast to the Sistema Central in Spain because the pastoral 
customs were omitted from the charters of the municipalities (Herculano 1856-1868, Ribeiro 
1940-41). Based on the charters of southern situated municipalities, Ribeiro (1940-41) 
suggests that transhumance did occur. Part of the importance of transhumance for biodiversity 
is its function as a vector of plant distribution on an extra-regional scale (e.g. Bunce et al. 
2006). Transhumance can connect populations of species from different macro-bioclimatic 
regions that may then find niches in the newly invaded areas. Another important aspect of 
transhumance is the interregional exchange and communication of capital, people, goods and 
ideas and the local response which may also indirectly affect habitats and biodiversity. In 
general mountain regions tend to be closed communities, but as a result of the transhumance 
(which in itself was the result of a favourable geographic position), Estrelean communities 
must have been more open to outside influences which in turn probably raised their resilience 
capacity for change. Shepherds went north to the Douro, southwest to Coimbra, southeast to 
Idanha and south as far as the markets of Campo de Ourique (De Morais 1998, 2007, Ribeiro 
& Daveau 1978), which is about 300 km in air distance (Fig. 2). 
 
Figure 2. Transhumance routes (summer) from Serra da Estrela (after Ribeiro & Daveau 1978). 
 
117
History of impacts on the landscape and on biodiversity in the Serra da Estrela
118 
 
Pollen analysis suggests that by the 15th and 16th century massive erosion had occurred and 
that deforestation was nearly complete (Van der Knaap & Van Leeuwen 1995). This is 
confirmed by documented information which from the 15th century onwards becomes 
available for the Serra da Estrela. In the 15th century strong erosion was even felt in Coimbra, 
along the banks of the Mondego river. To prevent further damage, the King prohibited 
burning on the slopes from Coimbra to Seia in the Estrela, in 1461 (Figueira 2002). Forest 
types that today would be assigned to Natura 2000 habitats had most probably lost their 
capacity of self-generation by then. High pollen percentages of Ericaceae, Papillionacaeae, 
Cistaceae, and Gramineae illustrate that the outfields included mostly shrublands and 
grasslands, probably comparable to formations that would today be mostly assigned to Natura 
2000 habitats. Pastoral life was very important and most activities were related to it. Both 
infield-outfield farming and transhumance were practiced (Ribeiro 1940-41, Ribeiro & 
Daveau 1978). The conditions of naturally enriched alluvial soils in valleys were most suited 
for crops and had the best infield potential. Here, the natural process of seasonal flooding 
improved the soils of these ‘natural infields’. Higher up the mountains, outfields were used 
for pasturing livestock. The sheep provided meat, wool (domestic spinning and weaving was 
practiced), milk (to make cheese) and manure (to raise the productivity of the land, including 
the rye fields that provided the bread). Higher pollen percentages of Oleaceae from the 16th 
century onwards indicate an increase in olive orchards, which adds to the diversification of 
the landscape matrix (Jansen 2002a). The outfields included mostly shrublands and 
grasslands, probably comparable to formations that at present would be for the greater part 
assigned to Natura 2000 habitats. In addition, dry arable farming, applicable on reclaimed 
heathlands on plateaux and gentle slopes, was responsible for the increasing occurrence of rye 
fields and fallows (Van der Knaap & Van Leeuwen 1995). Serra da Estrela cheese was 
already famous in those days (Ribeiro 1940-41). Hay meadows provided the necessary food 
requirements for livestock in the period of pregnancy and the beginning of lactation. It is most 
likely that without hay meadows, heathland-based livestock farming would never have been 
so successful (Diemont & Jansen 1998). 
After the discoveries of overseas territories, Portugal became very powerful and experienced 
great wealth in the period from the end of the 16th until the mid 17th century. The population 
was recovering from several disasters (plague pandemics, earthquakes, famines, wars, the 
little ice-age) which had occurred during the 14th and 15th centuries (Disney 2009). The 
increasing population meant greater demands for food and other basic commodities, putting 
pressure on agriculture, pastoral production and land-use. New crops such as maize and 
potatoes were introduced. Maize in particular, was to have a major impact on population 
increase. In Europe maize was first introduced in Coimbra in the 16th century (only some 
seventy kilometers from Estrela as the crow flies) and in the next century it became a 
common food in the Beira region. In the Estrela mountains however, as was the case with 
potatoes, another century or more passed before maize became a common food there (Ribeiro 
1941-42, Warman 2003). By that stage the textile industry in Serra da Estrela offered 
employment for many people, raising the demand for food. In contrast to rye, maize needs 
irrigation but soils do not need to lie fallow. Maize has a higher nutrient value and it was 
cultivated on terraces. These were constructed on the slopes, just at the limits of the infields 
and the commons (see Box 3). Maize culture considerably increased the production of food. 
Although requiring more labour than rye, maize increased prosperity and allowed people to 
buy property, converting part of the commons into private lands. The work on the terraces 
was carried out by small family units. Thus the introduction of maize and the terracing 
triggered the colonisation of land by individual families and as a result the dispersion pattern 
of the population changed. Dispersed individual family farms (casais) evolved, next to the 
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existing compact villages. New habitat patterns must have developed and the landscape 
gradually transformed especially in the valleys and along slopes where terraces were built. 
The development of advanced watermills in combination with the ecological infrastructure of 
Serra da Estrela soon brought great wealth and triggered the increase of the population. This 
in turn raised the pressure on food production, which was facilitated by the availability of 
maize and potatoes. The wool industry already existed in the beginning of the 16th century 
(Monteiro 1992). All around the mountain there were watermills in and around the towns and 
villages. The best developed town was Covilhã with both considerable natural and human 
capital. This town had excellent conditions namely rivers for mills, relatively good transport 
possibilities, a good connection to the south and a population that was adapted to hard work. 
There was a shift from domestic to grouped work at the mills. At first mainly coarse wool 
from the local Estrela herds was used but soon fine wool was imported from the south. There 
it was offered at the markets of the Alentejo where the Estrelean transhumance herders used 
to go (see Figure 2). In those areas of the plains there were much larger numbers of livestock 
which in addition produced finer wool, but in contrast to Serra da Estrela there was a lack of 
available water for wool production as well as for power. In time Covilhã would become the 
largest industrial centre in the Portuguese interior, generally known as the „Portuguese 
Manchester‟. In addition to circumstances provided by the genius loci new opportunities arose 
from technological innovation and globalisation, such as international economic treaties, the 
overseas‟ discoveries and the investment of private and public capital. 
Under the third Count of Ericeira, who was the economic advisor to the prince, Portugal 
sought to improve its economic performance by developing its own manufacturing industries 
instead of importing all kinds of products (Disney 2009). The initial focus was on textiles, 
particularly woolens, with the aim to be able to meet the domestic demand from Portugal‟s 
own resources. In 1670 English exports to Portugal, primarily in the form of textiles, were 
worth more than twice the opposite. The old wool town of Covilhã was singled out together 
with Manteigas in the Serra da Estrela. There a syndicate, dominated by „New Christans‟ 
(converted Jews or Moors), was granted monopoly rights. Equipment and skilled foreign 
workers and looms were brought in, the industry in the region was revitalised, employment 
grew and production significantly raised. These political-administrative measures and 
investments must also have had an important impact on land use in Serra da Estrela. By the 
end of the 17th century Portuguese imports of English woolens strongly declined and 
Portuguese international trade was becoming more balanced and more viable. 
However, for a variety of reasons increased opposition developed to the Count‟s programme. 
There was (amongst others) growing resentment against New Christian entrepreneurs and 
non-Christian immigrant workers, while interference from the Inquisition also took its toll 
(Disney 2009). New economic developments were changing the context as wine export to 
England strongly increased and gold was discovered in Brazil. In 1703 as part of the War of 
the Spanish Succession, Portugal and England signed a military and commercial treaty 
(Methuen Treaty), which stipulated that no tax could be charged for Portuguese wines 
exported to England or English textiles exported to Portugal, regardless of the geopolitical 
situation of each of the two nations. As a response to the treaty, the king granted a contract for 
the provision of military uniforms to the textile industry at Covilhã. Nevertheless the textile 
industry suffered from the treaty. By contrast investments in wine production were extremely 
favourable, while returns from investments in wheat production were low with the result that 
farmers turned to wine production and in turn wheat import strongly increased. 
When the flow of gold decreased by the late 1750‟s the socio-economic conditions became 
unsustainable and Portugal tried to enlarge and innovate its industry, under the direction of 
marquis de Pombal. The availability of raw cotton from Brazil was an opportunity to convert 
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a large part of the woolen production into cotton. The domestic production of cottons could be 
openly protected in Portugal without violating the terms of the Methuen Treaty as that 
agreement referred only to woolens (Disney 2009) and so in 1759 the marquis started to 
rejuvenate the textile industry. The marquis also decreed an end to the legal distinction 
between New Christians and Old Christians. 
Once again the textile industry in Serra da Estrela was rescued by clever political-
administrative measures. It triggered population growth and the subsistence farming 
increasingly turned into market-oriented farming. It is likely that part-time jobs for farm 
family members also became available, reducing emigration to other cities and overseas. The 
higher yields of the new crops (maize and potatoes) and the increase of terracing enlarged the 
capacity for feeding the population, a process that can be seen as the adaptive capacity of 
infield-outfield farming to socio-economic change. 
By the 19th century the numerous natural woodland types were exhausted, but since the 
Roman era chestnut woodlands had extended and possibly retained many of the original forest 
species. As for semi-natural habitats and related biodiversity, the landscape of Serra da Estrela 
must have had its optimal development by the end of the 19th century, before the 
implementation of pine plantations on the former outfields and terraces and the poor attempts 
to introduce new fertilisers (e.g. De Freitas 1918). 
 
 
 
Figure 3. Photograph of Manteigas (n.d.) in which numerous terraces are still visible (Municipality of Manteigas 
2011).  
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Figure 4. Scheme of a typical organisation of traditional land use. Based on the original drawing of Oscar 
Knoblich and Jan Jansen, modified by Ed Hazebroek (Haaland et al. 2004)  
Old photographs by Orlando Ribeiro and Hermann Lautensach (Ribeiro 1949) and 
photographs on the website of the municipality of Manteigas (Fig. 3) show for instance the 
quasi-absence of plantations on the terraces around Manteigas and this is comparable to the 
schematic design of traditional land use in Figure 4 (though the textile industry is not 
portrayed in this figure). 
In the first half of the 19th century legislation was still favourable for the extensive exploration 
of pastures and transhumance. In 1840, farmers and shepherds had to pay a penalty under 
municipal law if they did not send their flocks on transhumance. By this time however 
opinion began to shift and the idea started gaining ground that common pastures were 
amongst the most vigorous obstacles for modern agricultural development (Ribeiro 1940-41).  
5. Economic development and the decrease of traditional agro-pastoral land use (20th 
century until present) 
 
The agro-pastoral system and the linked outfields tended to become less important mainly 
because of increasing competition from cheap meat and wool that invaded the European 
markets from overseas and from the development of new fertilisers by which the link between 
outfields and infields was weakened. The decrease of the agro-pastoral system evoked a 
strong exodus of people from the interior of Portugal. Socially significant emigration first 
occurred in the 15th and 16th century during the great explorations, but in the 19th century 
migration strongly increased. The statistics of the districts of Castelo Branco and Guarda 
available from 1864 show that people emigrated (Baganha & Mendes 2001, De Alarcão 
1964), but the population in the 6 municipalities that include the Estrela, continued to increase 
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until the 1950‟s. This can be attributed to the resilience capacity of its economy (Chapter 9). 
In the 1930‟s there was even considerable immigration to the town of Covilhã (De Alarcão 
1964). All over Europe, the commons tended to become marginal, and in Portugal, the 
authorities became interested in giving them new functions such as converting them into 
forest plantations in the mountains and croplands in the lowlands (see Box 3). Commons 
would largely become transformed into either private or public property (Brouwer 1995a). In 
1875 about 45 % of the Portugal‟s territory was communal; by 1939, this area was reduced to 
less than 5 %. 
In 1888 the first legislative attempt to afforest the commons was made in Portugal with the 
decision to submit the waste lands of the Serra da Estrela to a forestry regime (Rego 2001). 
Plantating started around Manteigas, followed by Covilhã in 1903 and some years later by 
other municipalities. The farmers and shepherds were no longer allowed to enter the 
converted pastures and thus the functional link that had existed for centuries between 
cultivated and uncultivated land, was broken (see Chapter 8). However forest plantations in 
Serra da Estrela occupied small areas until the 1950‟s (Fig. 6) and a large part of the territory 
remained communal land, permitting the increase of livestock until the middle of the 20th 
century. 
Besides the implementation of afforestation, which must have resulted in the inflow of capital 
and the creation of jobs, the resilience of the economy can be attributed to at least a handful of 
major developments, most of them related to the genius loci in combination with new 
technology. The textile industry continued using innovative techniques and the transport 
infrastructure was improved (roads, railways, telecommunication and later in 1943 an airport). 
The mining industry evolved (one of the largest producers of tungsten outside China). 
Primary schools were installed. Exploratory developments of winter sports took place and two 
mountain villages were constructed (Penhas Douradas and Penhas da Saúde). Opportunities 
for health care included the construction of a large sanatorium and the development of two 
destination spas. Estrela became one of the first Portuguese regions where electric power was 
produced and a number of dams were built (Figueira 2002) both for hydroelectric purposes 
and water supply (it was important to irrigate the terraces where maize and potatoes were 
cultivated). In some cases important habitats and species were drowned but in those days no 
protection regime existed. For example in the former area of Lagoa Comprida peat bogs may 
have been drowned affecting the distribution of certain species including Narthecium 
ossifragum, once referred to as occurring around the lakes (Henriques 1889). This species is 
now extinct in the area and it was probably the southernmost site within Portugal. An old 
postcard from the beginning of the 20th century found on the web (Anonymous 2010) shows 
the wetland zones around the natural lake (Fig. 5) The present artificial has no natural water 
levels and gentle shore gradients. The additional water supply channels which were 
constructed for hydropower in the past caused the death of a large number of individuals of 
different faunal species (Carvalho & Diamantino 1996). Nowadays, there is a better guarantee 
of protection, for example plans for constructing a new dam in the Mondego river just north 
of Manteigas (Asse Dasse) were carefully assessed (PNBEPH 2007). 
122
Box 2
123 
 
 
 
Figure 5. Lagoa Comprida at the beginning of the 20th century. 
 
The adaptive resilience capacity of the regional economy (including the transformed but still 
quite stable farming systems) permitted sufficient food production and the continued 
existence of a relatively large population. The fact that the remaining mountainous outfields 
were not suited for intensive agriculture, resulted in the continued presence of a high 
biodiversity. 
Transhumance ended in the 1940’s however, mainly because in the meantime the herds no 
longer had access to the former common winter pastures in the southern plains because these 
had been transformed into crop fields. This process was stimulated by the state and known as 
the Campanha do trigo (Wheat Campaign). The policy of changing commons (mostly 
outfields or uncultivated lands) into forest in the northern mountains and agricultural lands in 
the southern lowlands, resulted in a decrease in extensive pastures, a moderate increase in 
forests and a strong increase in agricultural lands, i.e. arable lands and cultivated pastures. 
The agricultural lands would reach their peak around 1950, covering more than half of all 
major land-use categories in Portugal (Fig. 6). However, the rude, mountainous character of 
Serra da Estrela rendering it unsuitable for most farming practices, prevented a strong 
increase in agricultural land. 
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Figure 6. Development of major land use categories in Portugal (1867-1998) and the situation in Serra da Estrela 
in 1990. Data for Portugal (PT) based on Mendes (2002) and Estrela on Corine Land Cover 1990 (in RCM 
2008). 
In 1950 the numbers of inhabitants peaked to c. 205,000, but from then on numbers sharply 
decreased to about 155,000 inhabitants in 2001 (Chapter 9). The socio-economic basis 
became too fragile and emigration increased in the 1950‟s and even more so in the 1960‟s 
(Baganha 1994, Baganha & Mendes 2001, Moreira & Rodrigues 2008). Abandonment of the 
land and afforestation (and later wildfires) would become a major impact on landscape and 
biodiversity. However for some time inflow of foreign currencies prevented a radical change 
of the landscape. The emigrants remitted money home hampering land abandonment and 
leaving women and old men to maintain the landscape (Chapter 9). This phenomenon may be 
looked upon as being a positive externality of emigration slowing down the process of infield-
outfield deterioration. For example, emigrant deposits in the banking agencies in the Beira 
region, under which Estrela is resorting, accounted in 1999 for 7.9 % of total deposits in 
Portugal mainland even if regional population responded for only 2.6 % of the mainland 
population (Ramos et al. 2004). In 2000 the total inflow of remittances in Portugal was 3,4 
billion dollars (Ratha & Zu 2008). 
The introduction of non-native tree species by the Forestry Service must have had a negative 
impact on the native flora, but the large-scale introduction of coniferous tree species (mostly 
pines) to produce timber and resin also affected socio-economic development. The 
implementation of no-go areas for grazing caused social unrest as local shepherds and farmers 
lost common pastures. In 1957 only a total of 3,759 ha had been planted (mostly with pines), 
but from then on it accumulated to 41,150 ha in 2000 (Fig. 7). 
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Figure 7. Planted forest in Serra da Estrela (1888-2000) based on data of Rego (2001). 
 
These pine trees turned out to be highly flammable and after a relatively stable growth period 
of the planted woodlands, wildfires started to occur. Controlled burning for pasture 
management had always occurred (and wildfires only rarely), but the increasingly 
uncontrolled large fire events were a new phenomenon. To date, in just the period 1990-2009 
over 65,000 ha were burnt (Chapter 9). It is likely that it was mainly uncultivated land and 
forest that went up in flames and this must have produced large CO2 emissions. Massive 
erosion and landslides also occurred. Infrastructure, biotopes and invested capital were lost 
and an increase in non-native invasive species was observed. At present the area has about 
22,500 ha of forest left (Table 2). 
 
 
Table 2. Forest area within Serra da Estrela Natural Park, based on data from ICNB (2009a). 
After the Carnation Revolution in 1974, parts of the commons were reinstated (Box 3). After 
Portugal entered the EU in 1985 new opportunities became available and a second major 
wave of socio-economic and political-administrative developments can be observed, 
following the impulse that began around the end of the 19th century. 
In 1993 the Natural Park Serra da Estrela was legally installed and in 2000 a major area was 
included in the Natura 2000 network (Box 1).  
Education centres were expanded and a polytechnic school and university were founded. 
Species Area (ha) 
Maritime pine (Pinus pinaster) 12,000 
Scots pine, Black pine, Douglas 1,100 
Chestnut 1,250 
Deciduous oaks: Pyrenean, Pedunculate, Lusitanian 450 
Evergreen oaks: Holm and Cork 250 
Other species  1,850 
Mixed populations  5,600 
Total 22,500 
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Transport infrastructure was improved with motorways connecting the region to all the major 
Portuguese urban centres and also to other important regions in Spain. Sewerage systems 
were installed, thus improving the quality of the rivers. 
As for renewable energy, the existing large hydro-electric plants were improved, new small 
environmental-friendly hydro‟s were constructed while scattered farms received solar panels. 
Studies have been initiated to search for future opportunities to explore geothermal energy as 
the area is on the tectonic Bragança-Vilariça-Manteigas fault zone, which controls thermal 
water occurrences (Cabeças et al. 2010, Carvalho 1995, 1996, Espinha Marques et al. 2005). 
Several wind farms have been constructed in and around the region during the last 15 years 
(INEGI 2009). The full potential in the Serra da Estrela has not yet been capitalised but the 
total capacity of one wind farm near Videmonte for instance is already sufficient to supply 
electricity for 40,000 inhabitants (Jornal Nova Guarda 2010). The company which operates 
the Videmonte wind farm was listed as the second best company in the district of Guarda. 
Before wind farms were constructed it had already been noticed that potential areas may 
support the rare Portuguese endemic and Annex IV species Murbeckiella sousae (Jansen 
2001c) as in the case of the Serra da Alvoaça in the southern part of Estrela and in its 
extension in Serra do Açor, where a few years ago wind farms were installed. These sites 
were visited by the author in the 1990‟s, sometimes in the company of guards of the Natural 
Park, and relevés have been made in both areas. The relevés indicate that most likely an 
undescribed rock fissure association is present, i.e. Murbeckielletum sousae Jansen 2002 nom. 
nud. containing Murbeckiella sousae (Jansen 1997, 2002a). However in the impact 
assessment studies for the two wind farms, the occurrence of Murbeckiella sousae has not 
been mentioned (Agri-Pro Ambiente 2003, 2005, Enernova 2001). This is probably due to a 
lack of knowledge. 
All sorts of incentives were initiated to attract tourists. Next to the traditional winter sports, 
which attract more than 2 million visitors per season (Box 3), ecotourism and cultural tourism 
have been stimulated. Mountain biking and paragliding were also introduced. Thematic routes 
and nature walks have been designed. Spa wellness destinations were improved and a number 
of new museums and visitor centers were installed. 
The local markets collapsed within the last 20 years when supermarkets appeared in the 
region offering cheap food products from abroad (compare Sedlmayr 2008). On the other 
hand there has been improved marketing of quality regional food products like cheese, meat, 
rye bread, honey, fruits, wine, olive oil. Some of the products now have protected 
denomination of origin such as cheese, lamb, and olive oil (Vieira & Figueiredo 2010). There 
are opportunities for organic farming and the traditional infield-outfield system was in fact 
organic farming avant-la-lettre. The area hosts numerous springs with soft and crystal-clear 
waters supporting a rich bryophyte flora (Jansen 2002a, Garcia et al. 2008). In large parts of 
Europe springs are extremely endangered biotopes and it is no surprise that in these modern 
times with so much pollution the precious waters from Serra da Estrela have become more 
and more famous. Until thirty years ago, Serra da Estrela had no bottling industry, but three 
companies currently exist (Box 3). All have now national fame demonstrating the economic 
opportunities of extensively managed marginal lands and their attraction to extra-regional 
consumers. 
The population has decreased strongly since the 1950‟s, although during the last years the 
downward trend has leveled off with a locally, strong decrease in certain marginal areas and a 
strong increase in certain urban areas (Fernandes et al. 2008, Lopes et al. 2005). There has 
been a clear shift towards the tertiary sector. The income per capita in the region increased by 
several tens of percentage in the period 1996 to 2005 and, although still rather low compared 
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to many other regions, the region has improved its position in the performance list of 
Portuguese regions (Soukiakis & Antunes 2010). 
The challenge is to keep a socio-economically viable region and in this respect 
implementation of Natura 2000 may create new opportunities but will require clever 
governance sustaining a balance between the economy and the environment (Chapter 10). 
Many ingredients of the second wave of socio-economic development are related to the 
natural resources, history and geographic position of Serra da Estrela. But all these 
stimulating developments would seem to be rather useless if the landscape is not maintained 
and wildfires destroy vital parts of both the economic and ecologic infrastructure (Chapter 9). 
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Chapter 7 
Prospects of the open Atlantic mountain landscape of Europe at its 
southwestern limit: the possible role of heathland-based farming in 
achieving EU Directives in the Serra da Estrela 
 
With Dr. Ir. Herbert Diemont (Alterra, Wageningen University & Research Centre) 
 
 
 
 
 
 
Shepherd with sheep and goats grazing on fallow land next to recently ploughed land and rye field (Upper 
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Abstract 
 
The Serra da Estrela is a major crossroads in Portugal‟s interior ecological network, where the 
Temperate and Mediterranean climates meet in an open mountain landscape which originated 
from heathland-based farming systems. The traditional agro-pastoral system is in decline and as 
a result there is abandonment and scrub encroachment. This process could eventually lead to the 
disappearance of open landscapes and their rich variety of species and semi-natural biotopes, 
currently protected under European legislation. The open landscape has in terms of rural 
development and economic opportunities a high potential. In this paper we provide a rationale 
to conserve the open landscape and suggest the advantages of an integrated platform of 
stakeholders to discuss the social, ecological and economic aspects of future development. 
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Introduction 
 
The Serra da Estrela is a major crossroads in Portugal‟s interior ecological network. It has a 
varied natural and land-use history linked to much variation in topography, geology, 
geomorphology, and climate. These combinations have lead to a high diversity in the 
environment including a number of climatic and edapho-climatic vegetation series and semi-
natural communities (Rivas-Martínez et al. 2000, Jansen 2002a). The area is considered a 
centre of endemic and narrowly distributed plant taxa (Davis et al. 1994, Médail & Quézel 
1997). Numerous European plant species attain their southwestern range limits in Estrela. The 
Temperate and Mediterranean climates meet in the region, but its flora includes not only 
species with Atlantic and Mediterranean affinities, but also Continental, Boreo-Alpine and 
Arctic-Alpine elements. 
The administration of the territory of Serra da Estrela is complicated, as six municipalities, 
that are included in two districts, administer the area.  
It is widely recognised that if biotopes can be maintained, then species conservation can more 
or less be guaranteed. This is one of the major reasons why in 1976 the Portuguese 
government established the Parque Natural da Serra da Estrela (PNSE). The Park covers 
about 1,000 km² and comprises almost the entire mountain range. Besides preserving natural 
values, other objectives include the safeguarding of cultural property, as well as the provision 
of assistance to rural development and recreational activities. In common with all other nature 
parks in Portugal the PNSE comes under the Instituto da Conservação da Natureza (ICN) that 
is part of the Ministry of Environment.  
In recent years parts of the region have been designated as special areas in two international 
nature protection networks. A considerable part of the Planalto Superior was designated as 
biogenetic reserve in the European Network of Biogenetic Reserves (approved by the Council 
of Europe in 1993). In 1999 almost the entire area was identified as a Natura 2000 site, which 
has a more powerful protection status.  
Natura 2000 is the name given by the European Commission to the coherent ecological 
network of Special Protection Areas (SPA‟s) and Special Areas for Conservation (SAC‟s). 
These are to be established within the European Union (EU) member states by June 2004, 
under the Birds and Habitats Directive. In the annexes of these directives protected taxa and 
biotopes have been listed. A large number of Estrela‟s biotopes, plants and animals are 
included (Jansen 1997, 2002a). The aim of the Directives is not only to safeguard species and 
biotopes of special conservation interest, but also to promote the maintenance of biodiversity, 
taking account of economic, social, cultural and regional requirements. The Directives make a 
contribution to the general objective of sustainable development; whereas the maintenance of 
biodiversity may, in certain cases, require the maintenance and encouragement of human 
activities. In the present paper it is considered that heathland management should take into 
account that heathland landscapes are not merely dwarfscrub formations with a distinctive 
colour but rather a collective term for a mosaic of biotopes associated with grasslands, heaths, 
meadows, permanent and semi-permanent arable land (Diemont & Jansen 1998).  
This paper will focus on Natura 2000 biotopes, and more particularly on semi-natural 
biotopes that are widespread representative constituents of open Atlantic mountain 
landscapes, elsewhere in Europe. 
In the last decades many people left rural environments for urban areas or have emigrated to 
other countries leaving the older residents to continue to maintain the country-side. Nowadays 
Estrela is attracting more and more visitors, often from urban areas, that now have better access. 
The construction of better roads shortened the travelling time in such a way that it became an 
option for many people from the large agglomerations of Lisbon or Porto to come over for the 
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weekend or even for one day. Some come only to enjoy winter sports, but others come to 
experience the traditional mountain culture and its associated landscapes. These changes present 
chances to stop marginalisation of the Estrelean country-side and to reconnect modern life to the 
natural and cultural heritage of Portugal’s highest mountain range.  
Such chances could include new functions for farmers and other managers that are concerned 
with managing changes in conventional land use in order to guarantee reasonable income while 
safeguarding quality of ecosystems and cultural landscapes. Over the last decades the Estrela 
receives many ski-tourists and visitors that come to reach the highest mountain range in 
Continental Portugal. Other economic opportunities are now developing such as agri-tourism, 
new short chains linking producers and consumers, organic farming, integration of care 
activities into farms, and water management. The Estrela is on the list of proposed Sites of 
Community Interest, which causes obligations for adequate nature management (pSCI, phase 
2). In this paper important new services are identified that farmers can deliver for nature 
conservation by cooperating with authorities that have new obligations within the framework of 
EU directives, mainly Habitat, Bird, Water and Nitrate Directives. In the near future this 
cooperation may result in the formulation and drafting of appropriate nature agreements and 
eventually to extra income for farmers. 
 
Vegetation history and the evolution of the open landscape 
 
In historical times about ten different climatic and edapho-climatic climax forest types must 
have existed in Serra da Estrela (Jansen 2002a), but over the centuries all climax forests have 
been cut and burnt down. Nowadays most of the upper plateau landscapes have a clear open 
character, while there is some afforestation, mainly pine, on slopes between 1,600 and 1,200 
m and extensive afforestation at lower elevations. 
The edapho-climatic forests must have occurred in damp places in the lower and middle belt, 
mostly in valleys. Although human activities caused the loss of these climax forests, they also 
created new biotopes. The virtual disappearance of alluvial and riparian forests was the likely 
consequence of the richness and moisture of the soils that made them suitable for hay 
meadows or horticultural exploitation. 
It can be assumed that at least a few centuries ago the lower plateaus and gentle slopes were 
generally used as arable land. The remaining area must have been mainly used for grazing, i.e. 
all year round grazing at low altitudes, and summer grazing at high altitudes. Steep slopes 
have been partly terraced for various purposes. Nearly all plant assemblages must have been 
modified, perhaps with exception of some aquatic and rupicolous communities. With the loss 
of primary biotopes many species mostly associated with forests, fringes and gaps invaded 
and became dependent on semi-natural biotopes and subsequently on the farming practices 
that make and maintain them. Moreover, a number of introduced species invaded 
spontaneously the newly created biotopes. Others were deliberately introduced, especially 
cereals, vegetables, fruits and tree species. 
From the tradition of pastoralism new breeds evolved of which the following have their origin 
in Serra da Estrela: Mondegueira and Serra da Estrela sheep, Serrana goat, and Serra da 
Estrela dog (Almendra 1996, Ministério da Agricultura Portugal 1992, Preiswerk da Mota 
Veiga 1997). Little is known about the crops, but it is likely that for instance rye (Secale 
cereale) grown in small rain-fed fields in the uplands going up to ca. 1,600 m, must have 
other properties different from rye growing in the low plains. These breeds and the 
aforementioned biotopes created by man, contribute to the unique nature and culture of the 
Serra da Estrela. However, the numbers of goats and sheep of the six municipalities that 
enclose the Natural Park of Serra da Estrela decreased from the 1940’s to 1978 by some fifty 
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percent (see Martinho 1981). Scrub encroachment in former Nardus swards is only one of the 
subsequent effects (Jansen 1994a). 
Because of the agro-pastoral system, the biotopes which are linked with the summer pastures of 
the high central plateau, are also connected to those from the lower plateaus and valleys where 
the human settlements are present. Transhumant sheep and goats pass through several altitudinal 
belts and cause a net flux of nutrients from the ‘outfields’ to the ‘infields’. Their droppings, 
mixed with cut broom and heath, are used to fertilise the arable lands of the lower plateaus and 
terraced slopes. Until recently, a major part of the vegetation was directly or indirectly related 
to the tradition of transhumance, but the long-distance movements declined to a great extent 
after the Second World War. Nowadays the drove roads abandoned and there is little more 
left than local movement of goats and sheep. The question may be posed whether the former 
drove roads should deteriorate or may serve as hiking trails for nature lovers and agri-tourists? 
 
Threats to the open landscape and its biodiversity 
 
The heathland-based agro-pastoral land-use system in the Estrela mountains is one of the best 
living examples of traditional open landscape management systems in Western Europe. As a 
result, soils were poor in nutrients and remained of high quality biodiversity. However, in the 
past decades the Estrelean farming system suffered from socio-economic marginalisation, as it 
was not able to compete with industrial food production systems that profit from the increased 
globalisation of the markets. The major threats for the open landscape, and its biodiversity 
include abandonment, industrial afforestation, and eutrophication from intensive husbandry. 
The spectre emerges that the area will be covered with even age tree plantations and 
monotonous ‘improved’ grasslands with non-indigenous breeds or genetically manipulated 
mutants. However, these threats are already decreasing as the economic perspectives for 
plantation forest not seem to be very prosperous and intensive husbandry may not be an 
option after the reform of the Common Agriculture Policy (CAP) of the EU.  
 
Rural development 
 
Nowadays it is widely recognised that after a long period of economic success, agricultural 
modernisation in the EU has reached its intellectual and practical limits. According to Van der 
Ploeg et al. (2002) the costs of modern agriculture increased stronger than the gross value of 
production. This increase was triggered by new technologies, increased energy costs, increased 
land prices, transaction costs of the quota systems, and a growing concern for the environment, 
animal welfare and food safety (Van der Ploeg et al. 2002). In order to identify where changes 
can be made that will secure economic, social and environmental objectives in a balanced and 
integrated way, modern agriculture should be reviewed. The idea that farming should not be 
merely looked upon as a food production system only is progressively gaining acceptance (e.g. 
Brouwer & Hoffmann 2001). 
Rural development can be understood as a response to the conventional approach of European 
agriculture, allowing farmers to engage in newly identified activities (Van der Ploeg et al. 
2002). It is only because the Estrelean territory was indeed isolated and disadvantaged, that 
there is still a chance to offer products and services that can hardly be maintained in densely 
populated areas. The area supplies water of the highest quality. There is peace and quiet in 
many places with few scattered farmhouses (‘casais’) that can only be visited through 
unpaved roads. There is hardly any pollution. Food produced in the Estrela can fulfil modern 
requirements to the highest level. The products do not contain no or far any foreign additives. 
During the Forth National Congress on Protected Areas in Lisbon it was emphasised that new 
133
Prospects of the open Atlantic mountain landscape of Europe
134 
 
economic options may be found in new, well-labelled Estrelean high quality products. Other 
potentials that were noticed, included advertising gastronomy, eco-tourism, organic farming, 
handicrafts, and traditional architecture (Jansen & Diemont 1999). In addition farmers can 
participate in water, nature and landscape management to cover the costs of low production 
rates and higher labour inputs. 
An important possibility preventing the disappearance of the Estrelean cultural landscape and 
its biodiversity is linking nature management to the heathland-based farming system. 
Heathland-based farming in combination with new activities may therefore constitute a 
sustainable socio-economic basis for maintaining and improving the scenic quality of 
landscapes, and conserve its biodiversity, genetic crops and breeds and other cultural values. 
 
An increase in income possibility for Estrelean farmers: management agreements 
 
One of the new land-use options for farmers is environmental management. Frequently 
economic and other advantages that can accrue from natural heritage designations such as 
Natura 2000 sites, may benefit stakeholders in the wider community instead of those who own 
or manage the designated site. If the wider community benefits, national or regional public 
funds seem to be an appropriate tool supporting owners and managers to manage these sites. A 
good example is Council Regulation (EC 1257/1999) establishing the framework for 
Community support for rural development. It accompanies and complements other instruments 
of the CAP and repeals existing regulations from the European Agricultural Guidance and 
Guarantee Fund (EAGGF). 
It is proposed to develop a discussion platform of the rural stakeholders that aims at gearing 
all possible functions of the area to one another. The platform can be developed under the 
association connected with rural development in the Serra da Estrela, the Associação de 
Desenvolvimento Rural da Serra da Estrela (ADRUSE). The list of associated members 
should be extended since the organisation does not cover the total area of the Park and not all 
important stakeholders are included. 
The impact of nature management by farmers on rural development should not only be 
defined in terms of direct conservation payments but must be seen also as strenghtening the 
synergy between nature conservation, agri-/eco-tourism, quality production, water 
management, cultural heritage protection and other activities. Renting & Van Broekhuizen 
(2002) showed that with nature management agreements in a region in The Netherlands more 
than 40 % on top of the conservation payments was generated from improved quality of 
nature and landscape. In addition, there is still a substantial potential for an increase in income 
through effects like a further development of agri-tourist and quality food markets. This 
increase could be as big as 100 %. 
In contrast to most of Western Europe‟s open landscapes that have suffered from pollution and 
loss of biodiversity due to modern agriculture outputs, the quality levels in Estrela of nature in 
cultural landscapes varies from acceptable to very high. Management agreements can start with 
the lead of saving high expenses of pollution cleaning and nature restoration projects (except for 
natural forest development). For example, in a small area of about 15,000 ha in the province of 
Noord-Brabant (The Netherlands) almost 30,000,000 Є is costed to subsidise restoration 
projects to maintain the quality of the cultural, natural and environmental aspects of the 
agricultural landscape for the coming decade only (Anonymous 2002). Applied to the Estrela, 
such a programme would give a restoration amount of some 200,000,000 Є! 
Bureaucracy should be avoided as far as possible, in order to reach the local farmer and to 
ensure that major part of the funding is not lost through administration. Therefore 
management agreements should be of simple design and applied in rather large areas that can 
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easily be controlled and monitored. Only this can grant authenticity and tracebility of 
Estrelean labelled products, and can raise confidence of the consumer. 
In specific areas in the Serra da Estrela, farmers should have the possibility to acquire financial 
benefits from management agreements. Major areas need only low labour input costs mostly 
connected to outfield activities (e.g. pasturing herds in summer pastures), whilst other small 
areas require higher labour input costs mostly connected to infield activities (e.g. hay-making). 
 
Target biotope-types and areas for nature management agreements 
 
The key to success of heathland-based farming in the conservation of semi-natural biotopes 
and biodiversity is the maintainance of low nutrient levels in the landscape, in combination 
with small-scaled repeated land-use practices. In the Serra da Estrela there are outstanding 
examples of areas appropriate to apply management agreements, since the traditional system 
is still practiced and most of the land is still with low nutrient-levels, a prerequisite for certain 
highly valued biotopes that have become rare in most parts of Western Europe. In this respect 
some good Estrelean examples are situated in the upper valleys of the major rivers that have 
their off-spring here. Examples are the valleys of the Zêzere, Mondego, Alforfa, Loriga, Alva, 
and Beijames. The isolated and relative large plateaus of Folgosinho and Videmonte are also 
excellent areas. Some areas are suited to link management to both the Habitat Directives and 
the Ramsar Convention framework. 
The selection of target biotope-types and target species is a first step in composing 
management agreement packages. A concise survey of plant communities and a preliminary 
list of Estrelean flora and fauna including their national and/or international protection status 
is given by Jansen (2002a). 
In the box below we list mainly biotopes of the „Bird Directive‟ and „Habitats Directive‟ that 
are threatened by the decline of the agro-pastoral system. A concise description of 
management, threats and main causes of vulnerability for each separate Natura 2000 biotope 
is giving in Jansen (1997). 
 
General Natura 2000 biotopes of the open landscape dependent on the associated heathland-
based farming system include „Fresh water habitats‟ (code 3000), „Temperate heath and 
scrub‟ (4000), „Sclerophyllous scrub‟ (5000) and „Natural and semi-natural grasslands‟ 
(6000). In the absence of the agro-pastoral system the following biotopes are expected to 
disappear: „4020* Southern Atlantic wet heaths‟, „4030 Dry heaths‟, „5120 Mountain Genista 
purgans formations‟, „6230* Species-rich Nardus grasslands‟, „6410 Molinia meadows‟. In 
addition „3170* Mediterranean temporary ponds‟ will strongly decline (see Jansen & Sequeira 
1999). Xerophytic summit grasslands, primary Festuca henriquesii grasslands, Dwarf juniper 
heaths and hedgehog scrub from the upper parts of the mountain are strongly controlled by the 
harsh weather conditions. It is assumed that these biotopes will alter, their surface perhaps 
diminish, but not totally disappear. They can respectively be assigned to the following Natura 
2000 biotopes: „6160 Siliceous Festuca indigesta Iberian grasslands‟, „6230* Species-rich 
Nardus grasslands‟, „4060 Alpine and subalpine heaths‟, „4090 Endemic oro-Mediterranean 
heaths‟. 
 
The aforementioned EU Natura 2000 biotope types include a number of plant communities 
some of which are represented by Estrelean variants or endemic associations (Jansen 1997, 
2002a). For example the highly valued semi-natural species-rich grasslands known as 
lameiros (irrigated upland meadows) were known from most northern areas but not from 
Estrela (see Teles 1970). These irrigated, often terraced lameiros represent the southernmost 
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traces of Atlantic Europe. In addition other important plant communities would vanish too, 
including various broom fields, other grasslands, and a number of rare weed communities. 
Bryophytes and lichens add to the biodiversity of man-made and semi-natural biotopes (e.g. 
Van den Boom & Jansen 2002, Sergio et al. 1998, 2004). 
The diversity of vegetation and terrain provides habitats for a wide range of fauna, both native 
and introduced. Approximately forty mammal species and around hundred breeding bird 
species, thirty species of reptiles and amphibians, eight fish species and numerous 
invertebrate species, live in the Serra da Estrela. Many animals of high protection status are 
dependent on the agricultural practices in the rural areas, e.g. avifauna species will be 
discussed here shortly. 
The mosaic of heathlands, open grasslands and rye fields of the plateaus provides good habitat 
conditions for the Ortolan bunting (Emberiza hortulana). The area holds a significant 
proportion of the Portuguese population of this species (Rufino 1989). With nine other bird 
species breeding in the Estrela, the Ortolan bunting is a species which has an unfavourable 
conservation status and for which more than half of its global population or range is located in 
Europe. For six of these species the European population has declined sharply, mostly due to 
the collapse of traditional low intensive farming (see Tucker & Evans 1997: Appendix 1). 
Apart from the Ortolan bunting these include Red-legged partridge (Alectorus rufa), 
Woodlark (Lulla arborea), Redstart (Phoenicurus phoenicurus), Black-eared wheatear 
(Oenanthe hispanica) and Woodchat shrike (Lanius senator). All of these species are still 
present in the territory of Natural Park Serra da Estrela. 
Analyses of the recently discovered Bluethroat Luscinia svecica subsp. cyanecula revealed 
that burning and pasturing (cattle, sheep, goats) may have led to the establishment of a 
Portuguese counterpart population, that was previously known only from a few Spanish 
mountains (Jansen 1994b).  
Problems related to forests have been discussed in Jansen et al. (1997), Jansen (2002a), and 
Rego (2001). To lower fires hazards (and erosion) and to increase biodiversity it is suggested 
that climax forests (including the ten Natura 2000 ones) should be restored by designating 
areas with undisturbed succession involving no grazing. These designated areas may interfere 
with the open character of the landscape. It is suggested to start pilot projects in cooperation 
with the local farmers in order not only to find the most appropriate sites but also to have their 
support and surveillance assistence. Major measures are mentioned by Jansen (1997), but 
should be worked out in situ for local conditions. 
 
Concluding remarks 
 
In order to revitalise the rural economy in a more sustainable and ecological sound way an 
integrated approach is needed. This includes a discussion platform that aims at gearing all 
possible functions of the area to one another. In this platform all stakeholders of the natural, 
economic and social Estrelean capital should participate. 
• Multidisciplinary studies are needed to understand the interrelationships between a number of 
new services that farmers can deliver. 
• There should be cooperation possibilities with authorities that have new obligations in the 
framework of EU directives. Selection of policy areas, target types and target species for nature 
agreements should start as soon as possible. In the near future cooperation may lead to the 
formulation and drafting of nature agreements and eventually to extra income for farmers. 
• A recent inquiry by the Park showed that farmers are highly motivated to continue (pers. 
comm. Dr. Maria da Paz Brojo Correia Moura, Parque Natural Serra da Estrela). Before it is too 
late, the authorities should give them as soon as possible the tools to do so. 
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• For various reasons in the vicinity of some densely populated parts of Europe, the possibilities 
for intensification of former heathland-based areas have been capitalised, whereas in other more 
isolated parts the economic basis has only been linked with the local market. For instance 
densely populated lowland harbour areas were suited for the import of huge amounts of fodder 
to be used for intensive husbandry. However, intensive husbandry practices have led to high 
pollution, loss of appreciation of amenity, of biodiversity and of cultural landscapes. Therefore 
intensification is not regarded as an appropriate future option for mountain areas such as 
Estrela, especially while there is a surplus of agricultural land in the lowlands. In addition 
forestry is no economic alternative, although some space is available for the development of 
climax woodland. The question remains as to how much, should be answered from balancing 
nature conservation and fire protection (Diemont & Jansen 2003). 
• The conservation of the open Atlantic landscape of the Serra da Estrela and its associated 
biodiversity is not only a regional nor national task. The landscape of the upper Mondego and 
the adjacent plateaus of Folgosinho and Videmonte has affinities with the historic heathland-
based landscapes on the sandy soils of Flanders, The Netherlands, the northern German plain 
and western Denmark. Nowadays intact examples of these landscapes are rare. 
• A conservation strategy at the European level is needed in order to use financial resources 
more cost-effectively. For instance, billions of euros are now being spent in The Netherlands 
to restore the quality of the former heathland areas whithout ever reaching the biotic and 
abiotic quality level on a scale that still exists in the Estrela. Would not much of the 
outstanding traditional country-sides be saved, if only a small part of these funds would be 
allocated for more cost-effective priority core areas on the European level? 
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View from the Serra da Montemuro on the Planalto Superior of the  
Serra da Estrela (horizon) 
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Chapter 8 
 
The infield-outfield farming system as a major solution for sustainable 
management of the semi-natural and cultural heritage in Parque Natural 
da Serra da Estrela 
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Abstract 
 
In this presentation a concise rationale is given to conserve landscape, semi-natural habitats 
and related cultural aspects in a large Natura 2000 area. It is explained why farmers and 
shepherds already functioned as managers of plant communities and EU directives avant-la-
lettre.  
So far in Serra da Estrela restoration is needed for natural communities (mainly forests) only. 
As for semi-natural communities conservation is needed and continuation of the infield-
outfield system is the provisional solution until new varieties of the traditional land-use 
system become available meeting modern criteria for socio-economic sustainability. The 
living cultural landscape of the Serra da Estrela might be used as a laboratory where many 
interrelationships on the species, community and landscape levels can be studied in situ, 
which can be useful as a reference to restoration projects in similar landscapes of by-gone 
days in Europe. Some examples are given of functional links between agriculture and nature. 
Until it is known in detail and including quantative data how these processes function, no 
reliable predictions on changes in biodiversity as a result of modern alternatives can be made. 
 
 
 
 
 
Traditional farms with rotational system of ploughed lands, rye-fields and fallow lands including broom scrub
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Introduction 
 
The Serra da Estrela is situated in central-east Portugal and a large part of the mountain lies 
within the limits of the Parque Natural da Serra da Estrela. The Park covers around 1000 km2 
and is a major crossroads in Portugal‟s interior ecological network (Jansen 2002a). It has both 
a natural and land-use history linked to much variation in topography, geology, 
geomorphology, and climate. These combinations have lead to a high diversity in the 
environment including a number of climatic and edapho-climatic vegetation series and semi-
natural communities. 
The phytogeographic position of Serra da Estrela is rather complicated, since in or near its 
territory two regions coincide, namely the Euro-Siberian region including the Euro-Atlantic 
province and the Mediterranean region including the Carpetano-Leonesean and Luso-
Extremadurean subprovinces. The Estrela constitutes its proper phytogeographic sector 
(Estrellense) and around it several sectors are arranged, i.e. sector Salmantino, sector 
Lusitano-Duriense, sector Toledano-Tagano, sector Divisório Portugués. The Estrelean sector 
is usually assigned to the Carpetano-Leonesean sub-province (Costa et al. 1998).  
The Temperate and Mediterranean climates meet in Serra da Estrela, but its flora includes not 
only species with Atlantic and Mediterranean affinities, but also Continental, Boreo-Alpine 
and Arctic-Alpine elements. Many European plant species attain their south-western range 
limits here. The area is one of the biodiversity hotspots in the Iberian Peninsula. 
The diversity of vegetation and terrain provides habitats for a wide range of flora and fauna 
species, both native and introduced.  
For various reasons, biodiversity investigations have been intensified during the last fifteen 
years, resulting in new findings of vascular plant species, plant associations, cryptogams and 
even a new bird species.  
There are strictly endemic flora and fauna species and many species are on red lists and 
mentioned in the annexes of the Habitat and Bird Directive. The vascular plant flora counts 
nearly 1,000 species, the bryophyte flora almost 400. An up-to-date survey of lichen species is 
lacking except for the area over 1,600 m that includes some 250 species. Approximately forty 
mammal species and around hundred breeding bird species, thirty species of reptiles and 
amphibians, eight fish species and numerous invertebrate species, live in the Serra da Estrela. 
More than 40 phytosociological classes and well over 30 Natura 2000 habitats have been 
observed. (most references in Garcia 2001, Garcia et al. 2008, Jansen 2002a, Rivas-Martínez 
et al. 2000, Van den Boom & Jansen 2002). 
However our present knowledge of the vegetation of the Serra da Estrela is still not sufficient 
enough to manage all the existing biotopes in a proper way. In particular little is known about 
the complex interrelationships between plants, animals, plant associations, and land use. But 
even when there would be enough technical-ecological multidisciplinary knowledge to 
manage the Estrelean biodiversity in a proper way, still socio-economic developments are 
expected to have impacts that can hardly predicted. 
At least the species and biotopes that are unique will need more study. Others may be similar 
to biotopes from other regions and their management may be based on experiences elsewhere.  
According to their naturalness the existing biotopes can be divided into two groups: the 
natural and semi-natural biotopes. Generally the former need to be restored and the latter to be 
conserved.  
The natural biotopes are the climax communities (climatic as well as edaphoclimatic). These 
biotopes used to be ruled by natural forces and would not need management („passive 
management‟) if man had not interfered. But virgin forests disappeared, although other more 
or less natural biotopes still occur in some aquatic and rocky environments. Nature 
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management should aim at ecological restoration of the natural forests. It is estimated that 
about ten different potential climax forest types from four phytosociological classes could 
grow in the area: Salicetea pupureae, Pino-Juniperetea, Quercetea ilicis and Querco-Fagetea. 
Most forests may be developed in reasonably sized areas, where quasi no activities are 
allowed except for sustainable management. For that purpose special areas can be designated 
for undisturbed development towards mature forests. In some cases introduction of species 
from the regional species gene pool that have very low dispersal capacity may be an option 
for accelerated recolonisation processes.  
The special future forest areas may be chosen in a way that all phytogeographic variations are 
included, if possible at least one excellent example of climax forest for each phytogeographic 
unit. Although we have little information on the dispersal capacity of targeted species, special 
corridors could be designated such as certain sparsely populated valleys and ridges where 
phytogeographic areas integrate. Here, depending on the presence of dispersal vectors, 
transport processes of seed or other plant propagules may be facilitated by natural forces. In 
this way the function of the mountain range as the major ecological crossroads of the country 
would be optimised.  
However in the current presentation we will focus on the semi-natural communities. 
In contrast to the poorly represented native forest types, semi-natural habitats are still well 
represented in the present plant cover of the Serra da Estrela. These semi-natural habitats are 
the major constituents of the cultural landscape (Jansen & Diemont 2005). They have been 
scaped by sustainable practices of land management that have survived for centuries and the 
infield-outfield farming system was the basic principle. 
 
Outfield-infield system 
 
Until the nineteenth century the European land-use system had basically everywhere the same 
structure: on the one hand close to the settlements there were small labour-intensive areas 
where man raised its crops (mostly called infields) and further away there are large labour-
extensive areas where man keeps its animals for grazing. 
The crops need large quantities of nourishment for plant production. This is delivered by the 
outfield where animals graze and organic material can be collected. In all these systems there 
is a net flux of nutrients and energy from the outfields to the infields (Haaland 2002). In a 
romantic way outfields can be regarded as the realm of the greek god Pan and the infield as of 
Demeter, which was illustrated during the 21st Jornadas de Fitosociología in September 2007 
in Madrid, with the Spanish premiere of the film Fields of Demeter (see 
http://ecl.cultland.org/). 
 
Threats 
 
The traditional infield-outfield management system is threatened as it does not seem to 
provide enough economic value to continue. This was already the case in most of the 
Westeuropean countries, not only in densely populated areas with shortage of land, but also in 
remote areas where land is abundant (Diemont & Jansen 2005). Serra da Estrela is one of the 
last living examples of such a traditional land-use system. The soils stayed poor in nutrients 
and remained of high quality biodiversity (Jansen 2002a, Jansen 2005a). 
The Estrelean cultural landscape could function as a living model of sustainable use of the 
natural resources and could provide information useful for the future management of similar 
landscapes elsewhere in Europe where they once existed. But also in Serra da Estrela semi-
natural habitats are threatened (mainly forestation and abandonment). And as a result the 
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mosaic-like structure of the cultural landscape would become more homogeneous and coarse. 
Changes will affect the whole ecosystem with its refined infrastructure and many invisible 
(and yet unknown) interrelationships that do have consequences for biodiversity. 
The semi-natural biotopes need active management to keep them preserved. And as long as 
there are no modern alternatives, continuation of traditional agro-pastoral activities based on 
the infield-outfield system would probably be the best solution. In the meanwhile economic, 
social, cultural and ecologic relations with the system should be studied and quantified in 
order to find efficient modern management alternatives for the future. 
 
Material & Methods 
 
Based on long-term observations and experiences in the study area of Serra da Estrela and 
literature from elsewhere, a short desktop study is made to qualify the benefits of the infield-
outfield land-use system for both biodiversity management and rural development in a large 
Natura 2000 area where this traditional system still functions as one of the last in Western 
Europe. Possibilities are analysed whether the area could be used as a laboratory for testing 
and researching the quantative aspects of biodiversity processes related to the outfield-infield 
farming system. 
 
Results & Discussion 
 
Historic development 
 
Prior to the arrival of farming, the early people must have harvested from nature. They were 
hunters and collectors in the natural landscape. That landscape must have been hardly 
changed by their actions. But the introduction of farming has changed wilderness into a 
cultural landscape and the roaming humans into sedentary people with a whole new culture. 
Palaeobiological studies show that in the Estrela more than 5,000 years ago human activity 
increased to such an extent that at least in some areas it became the dominant factor in the 
forest dynamics (Van den Brink & Janssen 1985, Van der Knaap & Van Leeuwen 1995). 
Nearly all plant assemblages must have been modified, perhaps with exception of some 
aquatic and rupicolous communities. 
With the loss of primary biotopes many plant species mostly associated with forests, fringes 
and gaps both invaded and became dependent on the newly created semi-natural biotopes and 
subsequently on the farming practices that make and maintain them. Moreover, a number of 
plant species were deliberately introduced, especially cereals, vegetables, fruits and tree 
species. 
Through the years, farmers and shepherds have gradually created a semi-natural infrastructure 
with complex dispersion patterns between a multitude of habitats. A large part of the flora, 
fauna and plant communities became dependent on the traditional land use. 
 
Cultural landscapes and the benefits of traditional land use 
 
Cultural landscapes are obviously influenced by the same factors as natural systems but in 
addition human intervention is also important. As a result of human impact, habitat conditions 
are usually substantially altered so that the system becomes more regulated by management 
and less by internal dynamics. Some species are filtered out because they are not adapted to 
the disturbance regime; others have sufficient resilience or tolerance to survive while still 
others invade the newly created, managed ecosystem from surrounding habitats. A cultural 
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landscape ecosystem can therefore be considered an alternative state, brought about by human 
activity, to the original natural system9.  
The present landscapes of Serra da Estrela include many plant communities as a heritage of 
the centuries-old traditional land-uses that were part of the economy. It is clear that the semi-
natural habitats will vanish because traditional management does not seem to keep up with 
modern economic development. On the other hand if ecologic conditions are neglected, 
modern economic development may face serious problems in future. 
In fact there is already loss of economic capital because many subsidized wood plantations of 
highly flammable pine and eucalyptus, since first half of 20st century planted as an alternative 
to the traditional agro-pastoral system, went up in fire. However, traditionally managed 
Estrelean chestnut forests that usually support a major part of the characteristic Pyrenean oak 
forest biodiversity, do not or hardly seem to suffer from wildfires and survived. But it is not 
only the costs of planting and the loss of timber; also other costs are involved that are more 
difficult to calculate and are related to erosion, landslides, blocked rivers, purifying drink 
water, CO2 production, hazards for barrages of water storage reservoirs (Jansen 2007a).  
Traditional land-use as a production factor of numerous other by-products was so far often 
overlooked and as a result these factors have not been incorporated in the calculation of its 
benefits (Jansen & Van der Straaten 2004). Take for instance the effectiveness of terraces 
against erosion. Or the strengthening of regional identity which is important in marketing 
products and the use of so-called unique selling points, etc. Or its support of sustainable 
tourism, the connection between city and country-side, relating people for instance to the 
roots of their ancestors (Jansen et al. 2007). Traditional land use stimulated social cohesion 
where now the country-side faces abandonment and fragmentation of local societies. 
The agro-pastoral system triggered the origination of regional traditional products (meat, 
milk, cheese, wool, rye, etc.), gastronomy, local breeds of animals and crop varieties, and so 
on. But even social organisation, architecture and clothing can be seen as products of the 
sedentary way of living which has been made possible when the agro-pastoral system opened 
a new way of life for mankind after a long period of hunting and collecting. 
Finally there is not only an ecologic but also an economic motive to conserve instead of 
restoring afterwards as is explained in the following example of reconstruction in The 
Netherlands, albeit that comparing a densely populated country with a marginal region is 
rather precarious. 
 
Reconstruction in The Netherlands as a consequence of modern agricultural production 
 
In contrast to traditional farming, modern agricultural techniques made it possible to produce 
much more food on much less area of land and with less people. A small country like The 
Netherlands is still one of the world’s three largest exporters of agricultural produce. But 
according to the government, growth is no longer a priority anymore. The priorities now are 
the environment, animal welfare and the quality of produce (Dutch Ministry of Foreign 
Affairs 2008).  
Because the Dutch production is very high, a large part of the country-side becomes available 
for other functions than food production such as tourism, nature conservation, water 
management, housing, etc. (REP 2008). As a result, rural areas in The Netherlands are 
restructured by reinforcing the multifunctional character of the countryside. Production 
becomes located in special areas whereas in other designated areas an optimal development of 
other functions is stimulated, for instance nature development. The process is called 
                                                             
9 See also Jansen et al. 2010 
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Reconstruction and is guided by a comprehensive and area-based governance strategy that 
involves many public and private actors. It is a very complicated process especially in densely 
populated areas. Generally, in order to make the processes work, rather robust areas are 
designated for nature and recreational functions.  
High costs are involved. For example, in a for Dutch circumstances comparatively robust area 
of about 15,000 ha in the province of Noord-Brabant almost 30,000,000 Є is costed to 
subsidise restoration projects to improve the quality of the cultural, natural and environmental 
aspects of the agricultural landscape for the coming decade only (Anonymous 2002). Applied 
to the Estrela that would give a restoration amount of some 200,000,000 Є! Moreover, the 
question remains if all restoration projects will be successful.  
 
The living cultural landscape of the Serra da Estrela as a laboratory 
 
The Serra da Estrela can be seen as a large laboratory and an archive of the living cultural 
landscape. It can be useful as a reference area to other countries, such as Netherlands, that at 
present are trying to restore certain plant communities, habitats and landscapes in designated 
areas (Jansen 2005a). Some of these areas are part of the Natura 2000 network, implicating 
governmental obligations. So far, reference areas in Netherlands were sought after in Ireland 
in the west and Poland in the east. But with climate change, the Estrela and comparable areas 
will become more and more interesting. The more so while the higher plateau areas of the 
Estrela presently support many habitats and species, both floral and faunal that are important 
targets in Dutch nature conservation policies. So far restoration projects have been mainly 
focussed on restoring abiotic conditions and especially in fragmented landscapes the resulting 
vegetation developments have often been disappointing. Frequently endangered species had 
no chance to recolonise the restored habitats since their seeds or other plant propagules were 
not available anymore and transport processes of seeds which are assumed to take place in 
traditional land-use systems were lacking in the fragmented modern agricultural landscape 
(Ozinga 2008). 
Little do we know about the dispersal vectors and the Serra da Estrela would be an interesting 
area where dispersal linked to land-use still can be studied at present, a situation that 
elsewhere in West-Europe is hardly possible anymore.  
A visit to Serra da Estrela will raise our insight in ecological cohesion within the landscape 
where farmers and shepherds are actually defragmenting while connecting the various 
biotopes by applying traditional management. 
The shepherds and their live-stock transport energy, nutrients and diaspores with dung, with 
fur and hoofs from various habitats in the outfields via a finely veined network of routes to the 
infields and settlements. This subtle crisscross pattern both in time and space is not only 
partly visible through the presence of fences such as hedges, shrublands, walls, banks and 
windbreaks which all frequently support high biodiversity, but also through the presence of 
special plant and animal species that specifically thrive in gradients caused by grazing and 
trampling on the tracks or nearby in the verges. Some animals linger in the lee site of the 
hedge, others profit from the sheltered environment to predate on animals that prefer open 
sites on the routes. 
To put it briefly, plants as well as animals are influencing each another in a steering matrix of 
pointed and linear, vertical and horizontal structures or other patterns produced by the agro-
pastoral system. 
This phenomenon is reflected in a multiple of special plant communities on and along drove 
roads, such as ephemeral miniature or periodically inundated cart tracks (e.g. Juncetum 
nanae, Molinerio-Illecebretum), or more typical trampled vegetation (Bryo-Saginetum, 
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Crassulo-Saginetum, Matricario-Saginetum) or related communities (Trifolio-Periballion), 
but also nitrophilous, ruderal, fringe, matagal and fence communities that mainly belong to 
the following syntaxonomic classes: Galio-Urticetea, Artemisietea, Trifolio-Geranietea, 
Rhamno-Prunetea, Parietarietea and Anomodonto-Polypodietea. Most of these plant 
communities have not been well studied. And the same goes for most of the other plant 
communities related to the farming system. To mention the major syntaxa on the class level: 
Stellarietea mediae, Helianthemetea, Stipo giganteae–Agrostietea castellanae, Molinio-
Arrhenatheretea, Nardetea, Calluno-Ulicetea, Cisto-Lavanduletea, Cytisetea scopario-striati 
and Pino-Juniperetea. In Jansen (2002a) an extended syntaxonomic scheme is given with for 
each class, the state of knowledge, the characteristic species and the detected presence of 
syntaxa from class to the association or lower levels. 
The shepherds know exactly where, which season, when and how long they can have their 
live-stock grazing. They also know when they need to burn and how they can prevent damage 
to both vegetation and soils (Jansen et al. 1997). 
They know how to maintain the Nardus grasslands at the cost of Calluna heaths. The 
reciprocity between land use and nature has left behind infinite ingenious patterns that until 
the present day have not been totally revealed nor explained. The intensity of grazing, the 
periodicity and also the nature of the grazing animals have influence on the pattern, structure 
and floristic composition of the vegetation in the various compartments of the landscape. Of 
course natural forces are also responsible for the occurrence of ecological niches and teselas, 
but in case of semi-natural habitats land-use systems have at least a comparable effect. 
The traditional farmers know how to lay fallow and labour their fields to cultivate yet 
undescribed species-rich rye fields.  
They made the hay meadows and maintain them. So far the species-rich irrigated upland hay 
meadows of the Estrela have never been studied, except for a quick scan (Jansen 1997). The 
meadows are extremely vulnerable to land-use change. But the traditional farmers know that 
they need hay meadows for their livestock and when they need to be mown and when they 
can be grazed afterwards (Diemont & Jansen 1998). 
They know since many centuries how they have to irrigate in order to protect hay meadows 
against frost and how to enrich them with minerals of water from the irrigation channels that 
have been tapped off from brooks and rivers that in turn spread diaspores and create 
hydrologic gradients. In this manner all these landscape components get closely interwoven 
and it is the farmer and shepherd that steer and maintain this functional coherence of flora, 
fauna, and landscape elements. The décor of this subtle landscape theatre can only exist if the 
related specific role-playing is performed by the required actors: infield-outfield farmers, 
shepherds, their livestock, and the present floral and faunal heritage elements. In addition the 
local abiotic circumstances bring about special variations without external nutrient input. And 
so the nutrient cycle stays closed within the region. 
Stubble fields of rye and oat are fertilised with droppings from sheep and goats when the 
shepherd stays there together with his herd. This can happen during the day. But overnight, 
enclosed in moveable fences, livestock is forced to stay longer at the same place to produce a 
higher concentration of fertilisers. Several kinds of scrub and other species are being used to 
temporarily cover the floor of the stable in order to mix them with the droppings of the 
animals. Afterwards the material is brought to the fields, containing both nutrients and plant 
propagules. 
Whatever the farmers and shepherds do, they always use local or regional material and as a 
result the energy and nutrient cycle lies enclosed within the area and to a large extent genetic 
drift also. The Serra da Estrela region is large enough to support viable plant populations. 
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Until the middle of the last century there was genetic exchange over large distances as a result 
of the transhumance that linked the territory to remote regions that often were situated up to 
several hundreds of kilometres (Martinho 1981). One of these regions had a Mediterranean, 
the other a Temperate, the next a more oceanic or the fourth a more continental influence. The 
drove roads functioned as human-induced ecological corridors that mainly lead through 
valleys and over relatively well accessible mountain ridges. After the period from autumn to 
spring, the shepherds with their flocks travelled back to the high pastures. At lower elevations 
there was and still is grazing throughout the year. The long-distance movements diminished 
after the Second World War and nowadays livestock transport is little more than local 
movements, limited from piedmont areas to the summit areas and backwards (summer and 
winter migration).  
Remaining vegetation patterns related to these long-distance movements may nowadays 
already be regarded in terms of Harding et al. (1998) as the ‘ghost of land-use past’. 
As a result of long time selection processes some local breeds developed. Live-stock and 
crops have been gone through a long selection process and are optimally adapted to the local 
circumstances. Crops such as rye (Secale cereale) have never been studied, but live-stock has.  
Two indigenous breeds of sheep originated, the Mondegueira and the Bordaleira da Serra da 
Estrela. The latter is considered the best breed for milk production. The strong Serra da 
Estrela shepherd dog (Cão Serra da Estrela) was bred to guard and defend the herds against 
wolves. Goats of the Serrana breed originated from the Serra da Estrela and are nowadays the 
most common breed in the country, being predominantly present north of the Tagus river 
(Almendra 1996, Ministério da Agricultura Portugal 1992). Indeed pastoralism and farming 
contributed a lot to the agrodiversity and the cultural Estrelean heritage, including 
architecture, gastronomy, social organisation, folklore, etc. 
The famous Estrela cheese is partly the result of the floristic composition of the fodder and so 
linked to the plant communities along the routes that shepherds take with their sheep and to 
the plant communities of the fields where they graze. 
It is not inconceivable that it would have negative consequences for the maintenance of the 
agrodiversity when livestock would exclusively be fenced in enclosures and shepherd culture 
would disappear. After all, breed selection was the consequence of the appropriateness under 
the local ecologic circumstances. 
Moreover it is expected that the exclusive use of unherded animals in fenced areas will have 
negative consequences for the floristic composition of the plant communities. 
Unherded grazing as a tool for nature management is popular in The Netherlands, mainly 
because of the relatively low economic costs of fenced-in grazing compared to herded 
grazing. But when these dispersal vectors are framed, the refined reallocation processes of 
energy, nutrients and diaspores will be reduced to redistribution within the parcel where 
‘station grazing’ is applied. Expectations are that the formerly connected plant communities 
will become impoverished or even totally will disappear. The intricate quality of the cultural 
landscape will degrade and become blurred. And at the same time with this, all the knowledge 
and skills of the shepherds will vanish. 
Therefore before applying new management techniques, experimental studies should be 
undertaken to predict the consequences for future vegetation. But in the first place research is 
needed to gain sufficient knowledge about the effects of traditional land use, and especially 
about the role of dispersal. 
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Conclusions 
 
The aspects of the Estrela as a living laboratory described in this paper should be quantified as 
soon as possible before the processes come to an end as a result of the socio-economic 
developments. Quantification of infield-outfield land-use related cross-scale ecological 
processes on the landscape, plant community and both floral and faunal species organisation 
level is needed. As they are the major managers of the living cultural landscape income 
possibilities for farmers and shepherds should be studied, quantifying income from 
sustainable tourism, labelled regional products, water management and many other side-
products and services related to the cultural landscape management (Rodrigues et al. 2008). 
Quantification is also needed of costs related to the cycle that starts with pine and eucalyptus 
plantation, followed by wildfire, CO2 production, erosion, landslides, obstructed rivers, risks 
of floods, water pollution and loss of biodiversity.  
Once all these processes are quantified, a realistic multidisciplinary cost-benefit analysis can 
be made and so politicians will have better tools to base their future decisions on. 
This paper raised some of the following questions. 
For centuries, farmers and shepherds from the Serra da Estrela amply meet the new demands 
from Brussels such as Bird, Habitat, Water and Nitrate Directives. Brussels also propagates 
production. Why not really economically valuing the traditional agro-pastoral system as a 
production factor of high-quality semi-natural biotopes? A part from many technical-
ecological, additional recreative and socio-cultural services delivered by farmers and 
shepherds were not as such or so far hardly valued in Brussels nor in Lisbon.  
It seems that there is a slow change coming. Would it be in time to save the last shepherds and 
farmers that practise the traditional infield-outfield system in and around the Natura 2000 area 
of the Serra da Estrela or will they follow their hundreds of thousands European colleagues 
that had to stop their work and abandon the land or had to shift to modern farming techniques 
through which so much of the biodiversity and the environment has been demolished?  
In some parts of Europe billions are spent on restoration projects to get back a fraction of the 
ancient biodiversity while at other places biodiversity is disappearing with European 
agricultural subsidies. Will it ever be possible to maintain European biodiversity and other 
side-products and services of traditional land-use systems, if the EU continues to apply this 
inefficient EU-subsidy pattern?  
Relatively recently, a number of museums and interpretation centres have been founded in the 
surrounding municipalities, such as the Museu Nacional do Pão and Centro de Interpretação 
da Serra da Estrela in Seia, the Museu do Agricultor e do Queijo and Museu Lagar do Azeite 
in Celorico da Beira, the Ecomuseu do Zêzere in Belmonte and the Museu dos Lanifícios in 
Covilhã. Museums can contribute to raising the consciousness of the public and without the 
support of consumers and general appreciation of the important issues at stake, sustainable 
cultural landscapes cannot be guaranteed. The question remains whether in future traces of the 
agro-pastoral system will only be left visible in museums. Or is the cultural landscape of Serra 
da Estrela here to stay as an outstanding example of a living monument that still will be able 
to testify both its cultural and natural heritage? 
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Abstract 
 
In order to halt the loss of biodiversity in Europe and to implement Natura 2000, there is an 
urgent need to identify opportunities for striking a balance between the Natura 2000 
objectives and the rapidly changing socio-economic conditions in farmed Natura 2000 sites. 
Taking the Serra da Estrela as an example, it is shown that, due to traditional farming, the 
conservation status of Natura 2000 habitats here in general remains higher than in Europe as a 
whole, especially concerning habitats that depend on farming. Traditional farming in the 
Estrela could until recently continue as a result of historic socio-economic and political 
administrative conditions, but finally the old economic basis of farming has virtually 
disappeared. Options for balancing Natura 2000 objectives and socio-economic conditions are 
discussed, taking into account the issue of wide-spread wildfires occurring at present. 
 
Key words: agro-pastoral land use, biodiversity conservation, climate change, landscape 
change, land abandonment, socio-economic history, wildfires. 
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1. Introduction  
 
The focus of the Natura 2000 network (hereafter abbreviated to N2000) is on both 
biodiversity and habitats in Europe.  One of its sites is the Serra da Estrela, which is 
considered a crossroads of the Portuguese interior ecological network (Jansen 2002a). 
Because of its geographic situation and its mountainous character it is also a transition zone 
between the Atlantic and Mediterranean biogeographic regions. In the Portuguese 
Mediterranean region the conservation status is favourable for 31 % of the habitats and 5 % of 
the species, while for the Portuguese Atlantic region 21 % of the habitats and 6 % of the 
species are classified „favourable‟ (ETC/BD 2008). For all Member States (EU-25), these 
figures are 17 % for habitat and also 17 % for species. These figures indicate that halting loss 
of biodiversity is an important issue in Europe, where many species and habitats were 
associated with extensive agriculture including a range of farming systems under various 
economic conditions (Table 1). To date, habitat types linked to extensive agriculture generally 
have an unfavourable conservation status in the Member States, with only 7 % of the 
assessments being favourable, compared to 21 % for „non-agricultural‟ habitats (COM 
2009a). 
 
Table 1. Biodiversity and farming in Europe 
Biodiversity in Europe is in most places the outcome of both natural conditions and human interference. Since 
the early arrival of man, new techniques have step by step increased human-induced dynamics in nature until 
today. After the Neolithic revolution, farming has become progressively important, triggering a sedentary way of 
life, and also the development of larger communities and markets. Traditional heath farming included a range of 
systems, from shifting cultivation for subsistence to labour and capital-intensive farming for the market. The 
high market demand from the cities revolutionised farming in Europe in the Middle Ages (Bieleman 1987, 
Diemont & Jansen 1998, Diemont 2008, Diemont et al. 2008). After a long period of harvesting the surplus of 
the land through collecting, fishing, hunting and shifting cultivation, food security was no longer achieved by 
depending on the diversity of species, but rather by producing for the market cities by increasing the productivity 
of single crops. The numbers and distribution of wild species became only an unintended by-product of farming 
in due course. Livestock raising, crop domestication and infield-outfield farming systems developed, hand in 
hand with irrigation, drainage and import from manure from the cities. Indeed, drifting sands (Fanta & Siepel 
2010) are proof that good market conditions did not always keep in pace with the resilience of the system, but 
most biodiversity survived in these market-oriented traditional farming systems. The balance with biodiversity 
was lost in most parts of Europe in the 19th century when modern farming techniques made it possible to 
„improve‟ the land (Smout 2000). Exactly as a result of improvement in these parts of Europe, heathlands 
ultimately became a scarce commodity for a society which became ever more involved in the idea that 
preservation may be necessary to impede loss of biological diversity. The same is true in mountainous areas such 
as the Estrela where improvement of the heath was rather limited, with the land being suitable only partly for 
plantation forest. At first the accent in nature conservation was indeed placed on preservation of wilderness, 
enabled by natural processes only, but the reality in Europe was that most resources had been used by man in one 
way or another. Now it is accepted, at least in Europe, that traditional land use may have contributed 
considerably to biodiversity. A large number of the European flora is associated with semi-natural habitats, and 
traditional farming as a vector and conditioner, assisted many species to perform at optimal distribution 
(Schrijver et al. 2008, Ozinga 2008). Since the 1950‟s, there has been a marked decline in biodiversity across 
European farmland (Paracchini et al. 2008). Today, semi-natural habitats in Europe suffer from biodiversity loss 
more than other habitats (COM 2009a). Also compared to other heath areas not suitable for intensive farming, 
traditional farming in Serra da Estrela could persist (Jansen 2008a). However, with abandonment in progress the 
question is whether there is really a demand and a possibility to manage such agricultural landscapes. The 
inability to link biodiversity in managed N2000 habitats to sufficient income for the farmer or land manager 
constitutes a problem, and this problem is discussed in this paper. 
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The focus in the paper is on three issues: 
 
1) the actual conservation status of habitats compared to EU standards and the preceding 
evolution of biodiversity, habitats and traditional farming. This will help to answer the 
question to what extent has traditional farming contributed to conserve biodiversity in the 
Serra da Estrela;  
2) an analysis of major events describing the socio-economic integrity of the territory and the 
prolonged role of traditional farming;  
3) an overview of the unique role of traditional farming in the conservation of biodiversity 
and the impact of present wildfires on biodiversity, in order to assess the need for the 
continuation of farming for both biodiversity and the local economy. 
2. Methods 
2.1 Site description 
Serra da Estrela is the highest mountain of Continental Portugal and it is generally considered 
a major European biodiversity hot-spot. It is situated in the central interior part of the country 
and is largely covered by a Natural Park of ca. 1,000 km2, including a N2000 area of about 
880 km2 (Fig. 1.). 
 
Fig. 1. Situation of Serra da Estrela (based on data of ERM 2008). 
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The area has a long history of agro-pastoral land use which resulted in an open cultural 
landscape supporting a multitude of biotopes and a high biodiversity (Jansen & Diemont 
2005).  
Although Serra da Estrela covers only about 1 % of the Portuguese continental territory, it 
comprises almost one third of the Portuguese flora and about two-third of the Portuguese 
bryoflora (Garcia et al. 2008, Jansen 2002a). The fauna comprises approximately 40 mammal 
species, about 150 bird species of which two third breeding, a rather limited number of fish 
species and some 30 amphibian and reptile species. In the database of CIBIO in Porto, about 
2,500 invertebrates have been listed (personal communication José Manuel Grosso-Silva 
2010). Both flora and fauna include about a dozen strictly endemic species, a few Lusitanian 
and dozens of Iberian ones. In this area, 40 habitat types and 98 plant and animal species have 
been reported, where habitat types are listed under Annex I (referred hereafter N2000 
habitats) and the species under Annex II, IV and V (referred hereafter N2000 species). 
The region has a low population density and the N2000 site with code PTCON0014 has 22.45 
hab/km2 (RCM 2008). Recently, infrastructure improvement made both the mountain and the 
peripheral region easily accessible from all major Portuguese cities and as a result, 
globalisation impacts have increased. Within the N2000 site about 900 farm exploitations are 
active with a mean surface of ca. 5 ha utilised agricultural area (RCM 2008). The ownership 
is rather fragmented. For instance in the three municipalities which cover the northwestern 
part of the natural park with an intervention area of ca. 850 km2 of which ca. 48 km2 lies 
within the N2000 site, 85 % is privately owned and 80 % of the properties have less than 2 ha 
(URZE 2010). Within the Natural Park about 42 % is presently common land or land with 
jurisdiction under the Forest Institute. At altitudes over 1,500 m, almost all is common land 
(Fig. 1). Currently, about half of the land is covered by extensive scrublands and grasslands, 
less than a quarter by forest and less than a fifth by agricultural land. This can be deducted 
from data delivered by ICNB (2009), IGP (2005), and RCM (2008).  
2.2 Vegetation changes in time and major drivers 
Pollen diagrams from the Serra da Estrela (Van der Knaap & Van Leeuwen 1995, 1997) have 
been used to assess changes in vegetation since the Last Glacial. The identified vegetation 
formations correspond in the N2000 habitat classification (EC 2007b) with the codes 9000 for 
natural forest, codes 4000 and 5000 for shrubland and code 6000 for grasslands. Formations 
related to aquatic (code 3000) and rocky habitats (code 8000) occupied relative small areas 
and are not included in the results. The percentages of pollen from tree species, Ericaceae and 
Gramineae are used to assess the cover of natural forest, shrubland and grassland, 
respectively, in four categories of relative cover abundance: 1 = 025%, 2 = 2550%, 3 = 50
75% and 4 = 75100%. Current cover abundance estimation is based on several sources 
including ERM (2008), ICNB (2009), Jansen (1997), RCM (2008), and unpublished data on 
habitats of ICNB and the first author. It is acknowledged that the pollen diagrams are from one 
complete series of a former lake situated in the middle belt of the mountain. This takes into 
account that the assessment of the initial period until the early Holocene included interpretations 
of eight other sites within a range of a few km‟s and also at various altitudes of the middle and 
upper belts. The recalculation from percentages of pollen into surfaces of vegetation 
formations is a rather disputed procedure, which it does not allow a claim on statistical 
precision (Sugita 2007a, b). The six major periods of vegetation succession described by Van 
der Knaap & Van Leeuwen (1995, 1997) were used, and the results of this part of the study 
are in section 3.2. 
The database on socio-economic changes in section 3.2 is from the field of social sciences to 
produce at least a preliminary background on the history of land use, culture and major socio-
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economic developments, in order to explain how long and to what extent farm systems were 
adapting and also contributed to economic development, while maintaining biodiversity.  
 
2.3 The N2000 conservation status of traditionally farmed habitats  
 
Criteria for assessing habitat quality on the local level are not mentioned in European 
legislation. The present paper follows the assessment method of the conservation status of the 
habitats in terms of ‘favourable at the regional level’ according to the Habitat Directive (EC 
2006, EC 2007a), but interprets regional as local, i.e. at site level, unless explicitly 
biogeographic region is mentioned. Information on Europe and Portugal is based on ETC/BD 
(2008). Specific information on the Serra da Estrela is based on Garcia et al. (2008), Jansen 
(1997, 1998, 2002a, and unpublished data 1989-1999), Jansen & Sequeira (1999), RCM 
(2008), Sérgio et al. (1998), Willemsen & Thomassen (2009) and it is also based on the 
factsheets of N2000 habitats composed by ALFA (2004) and additional data on species on the 
website of ICNB (2006). The emphasis in this paper is on extensive agricultural practices. 
Nine habitats in the Serra da Estrela are without doubt ‘depending on or associated with 
extensive farming practices’ according to the list defined by the EEA (2009). The impact of 
wildfires on habitats is based on Jansen (1997, 2002) and Jansen et al. (1997). The results of 
this part of the study can be found in the section 3.1 and 3.3. 
 
3. Results  
 
3.1 The conservation status of habitats 
 
The overall conservation status of the habitats in Portugal is relatively high compared to the 
EU 25 Member States (ETC/BD 2008). The Serra da Estrela N2000 site which encompasses 
both the Atlantic and Mediterranean biogeographical regions is no exception (Table 2).  
 
Table 2. Conservation status of habitats in the EU-25 Member States, Portugal, the two biogeographical regions 
in mainland Portugal and the Serra da Estrela. N = number of habitats, FV = favourable, U1 = unfavourable-
inadequate, U2 = unfavourable-bad, ? = unknown or not assessed. Highest scores are highlighted. 
 
Numbers of habitats and percentages of 
conservation status 
Natura 2000 
N % FV % U1 % U2 % ? 
EU-25  216 17 28 37 18 
Portugal mainland 99 30 51 9 10 
Portugal Atlantic 39 21 63 8 8 
Portugal Mediterranean 66 31 56 7 6 
Serra da Estrela  
 
 
40 32, 5 35 17, 5 15 
 
With regard to habitats depending on agricultural management the situation in Portugal 
including the Serra da Estrela is in a much more favourable situation compared to the EU, 
with 5 out of 9 habitats in a favourable position (Fig. 2).  
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Figure 2. Conservation status of habitats that depend on extensive agriculture in the Serra da Estrela (n = 9) in 
comparison to their status in the EU-25 Member States and in Portugal. 
3.2 Resilience of traditional farming 
 
To what extent climatic changes have affected biodiversity in the Serra da Estrela in the past 
can only be assessed at the level of vegetation formations. It can be deduced from Table 3 that 
as a result of climate change, natural grasslands were replaced by forests after which human 
impact became stronger and forests occurred in co-dominance with shrublands and 
grasslands, until more than 1000 years ago both shrublands and grasslands have become a 
dominant feature in the landscape as a result of human impact. 
 
Table 3. Estimated relative cover abundance of formations at milestone moments in time (in years ago) since 
Late Glacial. Cover of habitat groups in 4 categories varying from increasing shades of grey to black: 1 = 
025%, 2 = 2550%, 3 = 5075% and 4 = 75100%.  
 
 
 
 
 
 
 
 
 
More detailed information revealing changes at the habitat and species level is not available 
for the remote periods. But taking into account the rather favourable situation of the habitats 
requiring farming, as indicated in the previous section, it is clear that there have been specific 
enabling socio-economic and political events and conditions which made it possible to 
continue traditional farming. Whereas in many other places in Europe new opportunities of 
using fertilisers could be achieved, this was not the case in mountainous areas such as the 
Formation Milestone moments (yr ago) 
Dominant driver: climate 
change 
Tran-
sition 
Dominant driver: human 
impact 
 12660 10410 8760 5730 3270 1015 0  
Natural forest        
Shrubland        
Grassland        
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Serra da Estrela, although orienting studies have been made (De Freitas 1918). The absence of 
opportunities to use fertilisers can be considered part of the explanation and taking into 
account that other income opportunities in the cities or through emigration existed (De 
Alarcão 1964), there is still a need to explain why traditional farming could continue for that 
long.  
 
Table 4. Major events changing conditions for traditional farming in the Serra da Estrela.  
 
Major events Year BP  Impact  
Improved irrigation 800 Infield-outfield systems increasing productivity 
(Caldas 1991, Mattoso 1993) 
Intensified transhumance  500300 Generating a cheese industry and trade 
------------------------------ Ribeiro & Daveau (1978) 
Wool industry (Monteiro 1992) --------------------------------------------------- 
Maize and potatoes (Ribeiro 194142, 
Warman 2003)  
Higher population and increase food demand 
matched by higher labour and manure input in 
the infields and expansion (Ribeiro 1940-41) 
Collapse transhumance due to change 
of grassland into enclosed cropping 
land in the lowlands 
12020 In due course resulting in drastic decrease of 
sheep numbers in the 1930‟s (INE 1934, 1940a) 
------------------------------   
Forest law 1888 ------------------------------------------ 
  Transfer of common rights outfields to the state 
i.e. Forest Service.  
--------------------------------- --------------------------------------------------- 
Carnation revolution 1974 Democratisation and redistribution of state land 
(previously commons) in Portugal to a growing 
number of local associations, involved in 
plantation forestry and also in agriculture and 
rural development, including N2000 sites 
(MADRP 2010, Mendes 2006, 2008)  
  ------------------------------------------------------- 
  Income from remittances postponing 
abandonment (Baganha, 1998, Santos, 1985, 
Ramos et al. 2004, Ratha & Zu 2008) 
  --------------------------------------------------- 
------------------------------- Abandonment and increase wild fires (Rego 
2001)  
Continuation of traditional farming    
-------------------------------   
Ageing farmers, brake-down traditional 
farming  
  
Economic agents: tourism , wind 
energy, water conservation,..  
Near future Income for land management through payments 
for ecosystem services and biodiversity through 
the new CAP?  
 
Table 4 provides a preliminary overview of events, i.e. agricultural innovations, which 
occurred in response to increased market demand. This was fueled by a higher request for 
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food as a result of the increasing population in the 16th century, which began in tandem with 
development of the wool industry. The main reason that economic development and 
biodiversity did not frustrate each other was that farming could increase productivity without 
substantially changing the area of outfield shrublands and grasslands (Table 3). The terraces 
constructed on rather steep sloping former outfields for private intensive crop farming were 
important for production. However, their effective surface area was effectively very small 
compared to the large outfields, where opportunities existed for less intensive rye cultivation 
in rotation with fallow and shrublands, in the limited appropriate conditions encountered 
there. This contrasted with the lowland areas, where scrub and poor grasslands were heavily 
reclaimed and converted into more intensively cultivated productive lands. By the 16th 
century, transhumance had already increased productivity and opened new markets from 
sheep production. The population could grow due to economic activities such as wool 
production and the introduction a century later of more productive crops such as maize and 
potatoes. These factors encouraged intensification by increasing labour input, manure 
availability and irrigation systems in the infields, including the terraces. The wool-based 
textile industry in Covilhã and elsewhere boomed at the end of the 17th century and survived 
in the second half of the 18th due to conversion to cotton. At this time, international treaties 
had caused the collapse of the wool industry. Transhumance decreased and ultimately 
vanished in the first half of the 20th century as a result of chemical fertilisers being used to 
improve and change former pasture areas in the lowlands of Portugal into more productive 
(enclosed) croplands 
A collapse of infield-outfield farming, which occurred in the 19th century in many lowlands 
with infield-outfield farming systems in Europe, was postponed in the Estrela by the very 
moderate success of plantation forestry until the 1950‟s. The inflow of foreign currencies 
from remitting emigrants most likely prevented a collapse of the agro-pastoral system since 
from 1870 to 1913 remittances in Portugal were about 2 % of GDP, in the 1930‟s these 
mounted to 4 % and in the beginning of the 1980‟s over 10 % (Baganha 1994). Remittances 
may be looked upon as a phenomenon which increased the resilience capacity of the agro-
pastoral system, slowing down the process of land abandonment, but ultimately traditional 
farming is coming to an end (Fig. 3). 
 
157
Implementing NATURA 2000 in farmed landscapes: the Serra da Estrela
158 
 
 
Figure 3. Population Serra da Estrela region (period 18642007) based on six municipalities that enclose the 
mountain (source: Anonymous 1864, 1878, 1890, 1900, 1911, 1920, 1930, INE 1940b, 1950, 1960, 1970, 1981, 
1989, 1999, 2001a, 2001b, 2008) 
 
3.3 The importance of traditional farming and the impact of wildfires on the N2000 conservation 
status 
 
Burnt areas are increasing (Fig. 4) and the trend line indicates that well before 2020 they will 
equal the total N2000 area of Serra da Estrela (88,291 ha) if wildfires continue to develop as 
previously. 
Some decrease in plant diversity (50 to 47) and a substantial decrease of habitats (40 to 33) due to 
the absence of traditional farming can be depicted from Table 5 (scenario B). In the presence of 
wildfires (scenario D) both habitats and biodiversity would decrease from 40 to 18 habitats and 
from 50 plant species to 18 species, respectively. 
 
Table 5. Number of N2000 habitats and N2000 plant species that actually occur in various environments or 
mosaics in Serra da Estrela (see also Appendix 3).  
Environments N2000 habitats N2000 plant species 
A Mosaic B+C  40 50 
B Natural ecosystems (no farming, no wildfires) 33 47 
C Traditional farming (no forests but chestnut) 29 42 
D Abandonment (natural ecosystems + wildfires) 18 18 
E Production forest  12 3 
F Modern farming 6 0 
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Figure 4. Burnt areas in Serra da Estrela (19902009, data based on Rego 2001, Coimbra 2001, 2003, ICNB 
2009). 
4. Discussion 
The explanation of why semi-natural habitats and associated biodiversity in Serra da Estrela 
retain high conservation interest is as follows: a) the roughness of the territory makes it 
unsuitable for modern agriculture and area-wide forestry, b) transhumance continued until the 
middle of the last century, c) labour-intensive infield-outfield systems could be sustained to 
the present day - albeit in a moderate way - as a result of the relatively high demand of the 
local market, d) this area exploited additional employment supplied by the local economy 
largely related to the properties of this territory and e) the region also profited from relatively 
high payments received from emigrants. Currently traditional farming is ultimately coming to 
an end due to a lack of income. More than two-thirds of the active single farmers within the 
actual Serra da Estrela N2000 site a decade ago were older than 55 (RCM 2008).  
This discussion follows the major questions posed in the introduction; namely (1) the impact 
of traditional farming on achieving N2000 objectives, (2) the causes of prolonged traditional 
farming, and (3) achieving a new balance between biodiversity and socio-economic 
conditions. 
4.1 Biodiversity and the conservation status of habitats 
The results showed that as the overall status of Portugal, the Serra da Estrela N2000 habitats 
are also generally in a better condition and have higher status than those of the EU-Member 
States as a whole. This applies especially to habitats in Estrela which also depend on 
extensive agriculture as defined by the EEA (2009). Although some have been assessed as 
unfavourable such as the Wet heaths (N2000 codes 4010 and 4020*), this is not directly 
related to farming, but rather to the fact that the Estrela is located at the junction of the 
Mediterranean and Atlantic geographic areas. The surface of these habitats is extremely small 
at less than 10 ha and consequently this does not permit a favourable range status, and this is a 
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requisite parameter for overall weighted assessment of conservation status (EC 2006). Here, 
Dry heaths (4030) and Pseudo-steppe grasslands (6220*) together cover huge areas of over 
10,000 ha, with the latter being a priority habitat-type. However, definitions of type 6220* are 
rather incongruous as far as the Serra da Estrela is concerned (see section 4.3). 
Additionally, we note that Alpine and subalpine heaths (4060) and Mountain Cytisus purgans 
formations (5120) in Serra da Estrela are habitat types which partly depend on extensive 
agricultural practices (see Jansen 1994a, b) and therefore these merit addition to the proposed 
EEA list (EEA 2009). Currently Molinia meadows (6410) in the Estrela are assessed as 
unfavourable-inadequate, whereas more than a decade ago the status of this habitat was still 
considered acceptable (Jansen 1997). Although Lowland hay meadows (6510) also have an 
unfavourable conservation status, this is not an exception in Portugal nor other parts of 
Europe. While Species-rich Nardus grasslands (6230*) have been assessed favourable in 
Estrela, the status of this type in Portugal is deemed to be unfavourable-inadequate. 
It is therefore safe to conclude from the above that the conservation status in the Serra da 
Estrela of N2000 habitats is still high compared to Europe, and especially that habitats 
associated with extensive agriculture are in much better conditions than those in Europe as a 
whole. 
We were unable to estimate the conservation status of N2000 species, since important 
information concerning the numbers and range in Portugal is not available (ETC/BD 2008). 
However, we assume that all 98 N2000 species reported for the Serra da Estrela, including 
both flora and fauna, have existed in natural ecosystems whether in situ or in other regions 
from which they could migrate. Therefore, it is presumed that, although some of the species 
are only occurring in farmed habitats, that these will not become extinct in the absence of 
traditional farming (Table 5). Forests declined dramatically in the past, and there was an 
increase especially in shrublands and grasslands in early periods which has remained 
relatively constant during the last five millennia (Table 3). In that anthropogenic environment, 
some plant species may have invaded alternative niches in vegetation formations and rural 
environments which evolved from the interaction between humans and natural resources. 
These species had previously been mainly associated with forests, forest gaps, forest fringes, 
rocky outcrops, river banks and open ecosystems around and above the tree line. Population 
numbers of species and their ranges are expected to have increased or decreased and existing 
habitats may have also changed and extended species‟ composition. Moreover, a number of 
plant and animal species were deliberately introduced, and this may have induced substantial 
change in population numbers, and the ranges and the species composition of habitats. It is 
possible to argue that biodiversity would not have decreased if farming had ceased, but 
population numbers of species and their range, however, were expected to change. We do 
know that almost 1,000 plant species occur, and about three quarter of these can be regarded 
as characteristic for six broad habitat groups (Jansen 2002a). Obviously, many plant species 
have found niches in the mosaic-like landscape patterns (see Box 2: Fig. 1). All N2000 
habitats and N2000 plant species in the Serra da Estrela can be found mainly in a mosaic-like 
pattern of habitats in which natural ecosystems are combined with traditional farming 
practices (Table 5 environment A). In other situations, these figures are lower. Therefore, the 
impact of farming may possibly have had a positive influence on biodiversity, since most of 
the typical species are optimally found in habitats that have been clearly changed by man. 
Additionally, at least half of the characteristic forest species are not found deep in the forests, 
but they optimally occupy fringe and gap areas (Jansen 2002a). In the Serra da Estrela, the 
majority of forest patches have an open translucent crown structure. Indeed, species can 
compensate changes in conditions by selecting micro-sites, a phenomenon which is known as 
„the relative law of site constancy‟ (Walter & Walter 1953). In the past, climate changes 
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radically changed the landscape (Table 3) and recently there are indications that weather 
conditions have become drier and warmer (Santos & Miranda 2006). In this situation, all 
species can change their positions in the ecosystem. Whether species can freely migrate in the 
present circumstances is uncertain, due to the changed infrastructure around this rather 
isolated mountain range. The question of what will happen to biodiversity if farming stops is 
interesting, but this is beyond the scope of this paper (see discussion in Chapter 10: section 
2.1). The urgent question we address is whether it is possible to stop the threat of the 
increasing impacts of wildfires which can radically change or even destroy habitats (Fig. 4, 
Table 5). Farming maintains an open landscape and diminishes fire hazards. 
Alternative options to counteract scrub encroachment and to prevent wildfires, such as re-
wilding with herbivores, have not been analysed, because it is difficult to predict the effects 
on habitats, species, and existing live-stock in an environment resulting from centuries-old 
grazing regimes (Caro 2007). Exotic diseases can affect live-stock and short-term changes can 
adversely affect biodiversity. Consequences from the introduction of Gredos ibex (Capra 
pyrenaica victoriae), which is a species that lives in the eastern part of the Sistema Central, 
have recently been discussed by Estrela‟s stakeholders. Information on the likely effects of 
grazing is minimal (Acevedo & Cassinello 2009) . 
Temporarily we conclude that traditional farming in combination with natural ecosystems 
have the highest possible scores supporting all N2000 habitats and N2000 plant species (Table 
5: environment A). 
4.2 Resilience capacity of Estrelean mountain farming in a socio-economic context 
The introduction of fertilisers in Europe did not provide the opportunity to improve the 
productivity of extensive outfields such as heath areas in mountainous areas. This explains 
why heathlands did not decrease here as they did in the lowlands of Europe. But also, as in the 
lowland areas, the collapse of transhumance in the Serra da Estrela was at least partly the 
result of the transformation of traditional grazing areas or outfields into cropland, thus 
frustrating the continuation of the transhumance. However, the infield-outfield system was 
able to survive so long in economic terms because these systems with irrigated infields and 
high labour and manure input formed part of the market economy. The question however 
remains, how could these systems survive from an economic point of view during most of the 
20th century when the heathland economy in the lowlands of Europe no longer provided 
enough income as of the end of the 19th century onwards. Although the database presented in 
section 3.2 is still far from complete and requires more profound treatment, there is sufficient 
evidence to conclude that infield-outfield systems could stay competitive in the market place. 
This was due to a combination of local market demand, highly productive infields following 
irrigation, and most likely also because of the good prices for livestock. While these factors 
are covered in section 3.2, remittances also contributed to a positive effect. As already noted, 
the database is still poor and not yet supported by detailed accounts of the farm economy of 
infield-outfield systems. It is clear, however, that there was an economic basis for continuing 
this system, but this is now collapsing. Under these circumstances, the lack of an economic 
basis is a direct threat for the implementation of N2000 objectives, especially when wide-
spread wildfires are considered. One solution may be the introduction of agri-environmental 
payments. Therefore, the new Common Agricultural Policy may be able to provide sufficient 
payments for biodiversity and ecosystem services such as water conservation and wildfire 
protection. This may also form principles for a new developing economy including tourism 
and other sectors, so that public payments for ecosystem services may be considered an 
investment in the current rural economy. 
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4.3 Wildfires 
Assuming that succession leads to natural ecosystems, theoretically at first glance it can be 
concluded that abandonment has opportunities to increase the total amount of habitats from 29 
to 33 and plant species from 42 to 47, which is the aim of N2000 (Table 5: environment type 
B). However, the actual situation reveals that the amounts would drop, of habitats from 40 to 
33 and of species from 50 to 47 (Table 5: environment type A + B). Additionally, the repeated 
occurrence of wildfires also leads to the conclusion that wilderness persé is not an option for 
N2000 management under a regime of recurrent wildfires (Table 5: environment type D). 
Since wildfires have a disastrous effect on N2000 habitats and plant species, and also possibly 
on most fauna, it can be argued that most animal species will suffer when some habitats 
disappear and that all N2000 habitats and other biotopes will deteriorate. If wildfires continue 
to spread with the same speed as has occurred during the last twenty years, then only 18 
N2000 habitat types and 18 N2000 species will remain in the foreseeable future (Table 5). 
This result will most likely lead to an unfavourable conservation status for all or nearly all 
habitats and species. 
The impact of wildfires in Portugal in the past occurred on a much smaller scale than today 
with burnt areas of a few thousand ha per year from the late 1940‟s until the early 1970‟s. 
However, since then burnt areas have increased ten-fold in size consuming significant areas of 
plantations which were planted years before (Mendes & Da Silva Dias 2002, Rego 2001). For 
the Serra da Estrela, the available data on plantation regimes from 1900 until 2001, revealed 
41,500 ha planted forest (ICNB 2009, Rego 2001). Comparative figures for wildfires from 
1990 until 2009 showed that burnt areas outnumbered plantations (Fig. 4). Figures for the 
total territory of the six municipalities (c. 240,000 ha) which cover the Estrela show that large 
areas had already been consumed by flames in the 1980‟s and that the numbers of fires 
increased (Lourenço 1994). 
Currently, uncontrolled fires have a very strong landscape shaping impact, triggering erosion, 
landslides, the loss of various mature soil types, and an increase in non-native invasive 
species. Over 65,000 ha were destroyed by fire between 1990 and 2009, and this is more than 
half of the total Estrelean park area (Fig. 4). However, it is likely that most of the burnt 
vegetation was uncultivated land (incultos), including shrublands, grasslands and other 
herbaceous vegetation. These incultos include most of the former outfields, which have now 
become increasingly abandoned, resulting in the accumulation of biomass and therefore 
increased fire hazard. The available data (ICNB 2009) show that in the period 20012008 
about 33,700 ha burned down, including 24 % forest plantation, 70 % incultos and 6 % 
agricultural land. Applying this breakdown to the distribution of categories over the past 19 
years gives approximately 15,600, 45,500, and 3,900 ha burnt forest, incultos, and agricultural 
land respectively. This indicates that most burnt areas were most likely extensive scrub and 
grasslands in contrast to the national level where burnt forests areas are larger than burnt 
pasture areas (Mendes & Da Silva Dias 2002), but this anomaly may be explained by the 
relative larger area of incultos in the Serra da Estrela. Indeed burning favours therophytes, 
grasses and bulbous species and the range of grasslands. The first author with continuous 
fieldwork in the 1990‟s has contributed miscellaneous observations of post-fire dynamics. He 
noted amongst other things that especially grasslands rich in therophytes and bulbous species 
resembling vegetation, grouped by ICNB (2006) under the habitat code of Pseudosteppe 
grasslands 6220*, extended as a result of wildfires (see Jansen et al. 1997). This priority 
N2000 habitat type presently covers very large areas (ICNB 2008) and needs further study 
since stands differ remarkedly from the description given by the EC (2007a, b). Information 
was collected on the basis of some 40 relevés, showing that such grasslands are frequently 
dominated by tall xerophytic grasses such as Avenula sulcata, Festuca livida and 
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Arrhenatherum species with a large number of therophytes in the lower layer (Jansen 1997). 
However, our knowledge is insufficient to interpret such plant assemblages (Jansen 2002a). 
Controlled fires may indeed favour a N2000 habitat priority type, but frequently repeated 
wildfires develop high temperatures and they can penetrate very deeply into the soil, 
destroying the organic matter and eventually stripping the soils. In the past, Erica arborea, 
which prefers rather deep and humid soils, has been abundant in periods of deforestation 
growing on former forest soils, but its percentage declined in concentration diagrams for the 
period from ca. 550 years ago until recently (Van der Knaap & Van Leeuwen 1995). 
Currently, other scrub species are abundant in the heathlands of the Serra da Estrela. Since 
these species can grow on shallower soils, this leads to the hypothesis that such heath types 
can be interpreted as the next step in soil degradation, eventually leading to shallow litho-
soils. 
Wildfires are not only indirectly favoured by afforestation but also by biomass accumulation 
in the outfields. This is a result of the declining agro-pastoral system and of dry climatic 
conditions which have now increased in Portugal, and further increase is expected in the 
future (Santos & Miranda 2006). 
While controlled burning was part of the traditional farming system for managing pastures, 
wildfires now accompany land abandonment and afforestation. This rather recent 
development is a radical change in a history of more than five millennia of human 
intervention and these consequences have not fully been acknowledged. Nevertheless, 
wildfires have become the dominant driver of landscape changes which can adversely affect 
the socio-economic system. 
Conclusions 
For specific reasons, which are partly related to socio-economic and political-administrative 
conditions, the conservation status of N2000 habitats in the Serra da Estrela in general 
remains higher than in Europe as a whole, especially concerning habitats that depend on 
farming. This Serra da Estrela example clearly demonstrates that both N2000 habitats and 
N2000 plant species are now becoming very much at risk through abandonment and wildfires, 
in the absence of traditional farming activities, which have lost their economic basis. While, 
because of scarcity, farmed habitats such as heath and extensive grassland are already being 
restored in some parts of Europe such as The Netherlands, and in other parts of Europe 
spontaneous forest development occurs as a result of abandonment such as Slovakia, 
afforestation still seems to remain more profitable for local Portuguese and Italian landowners 
(Agnoletti 2011, Mendes 2006, 2008, Mendes & Da Silva Dias 2002). However, at least in 
the Serra da Estrela, continuation of traditional farming appears the best option both from the 
viewpoint of nature conservation and fire prevention. This requires the availability of agri-
environmental payments, but these can also be considered an investment in sustainable rural 
development, taking into account the costs to the local economy caused by wildfires and the 
increasing importance of income related to ecosystem services such as tourism, water 
conservation, and renewable energies. 
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Box 3 
 
Commons 
This box deals with commons and other forms of land ownership together with their relation to ecosystem 
services and Natura 2000 habitats in the Serra da Estrela. It begins with a short history of commons in Portugal 
and finishes with a short description of the major management and planning instruments in the area. 
 
Introduction 
 
There are various definitions of commons depending on the way they have been viewed by 
various academic disciplines, the period in history or the country in which they are, or were, 
situated. As a result there is no scientific consensus on a general definition that satisfies all 
viewpoints (Bravo & Moor 2008, Brouwer 1999, Schrijver et al. 2011). Mostly the term 
commons refers to pieces of land or to resources in ownership by one or more persons, where 
other persons („commoners‟) have certain traditional rights to use it in specified ways, with 
the landowner retaining other rights left unexercised by the commoners (Natural England 
2010). Commons may also refer to ideas and concepts that are non-owned (Lessig 2002). 
Commons used to have an essential role both in live-stock breeding and infield-outfield 
farming. They functioned as outfields in the agro-pastoral farming system providing manure 
for the infields and fodder for the animals, thus generating also tractive power. Infields are 
mostly privately owned plots used for arable crops and horticulture, situated closer to the 
settlements (see Chapter 8). The infield-outfield system could be found in many European 
countries at least up until the last century (Slicher van Bath 1960). Commons, for the major 
part, consist of grasslands and shrublands and to a lesser extent woodlands, but (at least in 
Portugal) afforestation increased strongly since the end of the 19th century leading to a higher 
cover percentage of (planted) forest (Gomes 2009). Besides fodder and manure, commons 
also delivered resources such as water, timber, rocks, game, fruits, resin, mushrooms and 
herbs. To avoid over-exploitation commoners developed a careful series of local regulations 
regarding all possible uses such as pasturing, vegetation cutting for bedding, collecting of fire 
wood, supply of irrigation water, etc.  
Commons in law can be traced back to at least the period of the Romans, who recognised the 
res communes that consisted of natural things used by all, such as the air, water and wild 
animals (Coquille 1979, Rose 2003). Roman law distinguished between categories of rural 
land ownership with on the one hand the ager (the privately owned spaces, subject to a 
specific land use, often a cultivation) and the other hand saltus (communitarian spaces, 
typically used for herding livestock). On a functional level in terms of land use these can be 
further divided in domus (urban area), hortus (gardens) being part of the ager and silva (used 
for timber resources) being part of the saltus (pastures). 
 
Commons in Portugal 
 
As a legal category for the use of natural resources commons in Portugal can be dated back to 
the foundation of the Portuguese kingdom in the 12th century (Brouwer 1995a). The use of 
common pastures is much older, probably from before the Romans invaded Portugal in the 
second century BC (Brouwer 1995b). Economic and political motivations have led to the 
legal status of commons in Portugal changing several times in the course of history 
(Rodrigues 1987). In principle the Crown claimed all the land but handed out certain grants to 
nobles, the Church and religious orders, and to peasant communities. These grants resulted 
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either in the private appropriation of that land or in its subjection to certain forms of 
communal exploitation. In the course of time all kinds of situations emerged in which the 
proprietors of the commons (private people, municipality, village community) handed over 
certain use rights to user groups under certain conditions (Gralheiro 1990). The term baldios 
was first applied as a general denominator for communal land in legal and administrative 
discourses during the 18th century (Brouwer 1999). Since the end of the 18th century there has 
been a constant legislative tendency to legitimise or stimulate the privatisation of the baldios 
or to promote their transfer to the State (Gralheiro 1990, 2002, Rodrigues 1987). Elsewhere in 
Europe, the process of converting ‘waste lands’ into plantation forestry had rapidly taken 
place by the end of the 19th century as an answer to the decline of heathland farming. In 
Portugal, baldios were increasingly perceived - at least by the State - as an inefficient means 
of resource management and a major part of these ‘waste lands’ were appropriated by the 
State or privatized. In the mountain areas that are mainly situated in the northern half of 
Portugal the motivation was afforestation, and in the extended plains of the southern half,  
crop growing (Estevão 1983). Appropriation was an instrument to counteract the economic 
decline of the traditional agro-pastoral system, which had been mainly caused by 
technological innovations (e.g. invention of chemical fertilisers) and by globalisation 
processes including the rise of the economically more competitive ‘new outfield countries’ 
like Australia, New Zealand, Argentina and others, which possessed huge areas for grazing 
(see also Box 2). The appropriation of the baldios was perceived as an injustice by many of 
the local people and resistance grew, however the State had enough power to impose its 
policy by force because it was governed by a dictatorial regime. By 1966 the concept of 
communal property was excluded from the new Civil Code. As a result, the baldios were 
included in the private property of the administrative bodies, municipalities, and parishes, 
although they could still be subjected to certain collective usufructuary rights (Brouwer 1999).  
After the Carnation Revolution in 1974 it was politically opportune to roll back the injustice 
of appropriation and to restore the baldios. Therefore in 1976 a decree (nº 39/76) was 
established, followed in 1993 by a new law (‘lei de baldios’ nº 68/93). In article 1 of this ‘law 
of the commons’, baldios are defined as lands owned and managed by local communities, 
whereas a local community is understood as the union of the residents of one or more parishes 
or parts of them, that according to the customs are entitled to the use and the usufruct of the 
baldio.  
However, after the implementation of the ‘lei de baldios’ and the legal restoration of the 
original baldios, it appeared that their major original function, namely communal grazing for 
infields and live-stock raising, had largely lost its economic purpose (e.g. Brouwer 1995c). 
The concept of common-pool resources can be of help in order to develop a broader view on 
the new functions commons could provide, such as the environmental services, and on how to 
adjust the interests of both the commoners and the new stakeholders. These include the 
aforementioned energy industry, tourism sector and the water companies.  
In economic terms baldios are typical common-pool resources, which means that they are 
easily accessible, including by other users not authorised by the local commoners. This may 
lead to conflicts. For instance in the Serra da Estrela conflicts between different communities 
about the access to the baldios can be traced back as far as the 15th century (Ribeiro 1940-41). 
Common-pool resources consist of two major components, namely a fund, and the flow of 
benefits it yields. When the fund is degraded or destroyed, it endangers not only the quantity 
and quality of future flows, but also the viability of the fund itself (Lant et al. 2008). The 
phenomenon of over-exploitation has been described by Garret Hardin (Hardin 1968) as ‘the 
tragedy of the commons’. Hardin describes a situation in which multiple individuals (e.g. 
farmers, shepherds) based on self-interest will eventually damage or deplete a shared limited 
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resource (common pasture) even when they know that it is not in anyone's long-term interest 
for this to happen. The farmer receives all the benefits from additional live-stock, while the 
damage caused by grazing numbers of animals exceeding the carrying capacity of the 
common is shared by the entire group. If all commoners make this individually rational 
economic decision, the common will be depleted or even destroyed to the detriment of all. In 
addition members of the community do not profit equally from the communal resource since 
an owner of a large herd and large private infields capitalises more on the common pastures 
and natural fertilisers than his fellow commoner with a few sheep and a small tract of private 
land. The classic example of Hardin’s metaphor is often used as an explanation for 
environmental degradation and natural resource depletion caused by social or economic 
structures. The meaning of common-pool resources has undergone changes during the last 
decennia and several authors showed that the classical example of Hardin may be applied to 
open access resources such as high seas fisheries and global climate, but in cases of restricted 
access, under a regime of social control and regulations such as commons, degradation would 
not necessarily happen (Berkes 1989, Ciriacy-Wantrup & Bishop 1975, Ostrom 2002). 
 
Ownership and its relation to ecosystem services in Serra da Estrela  
 
Within the Parque Natural da Serra da Estrela about 42 % legally-based common lands 
remain (ERM 2008) and this percentage must be higher in relation to the Natura 2000 site as 
most of the commons lie at the higher altitudes which are part of the Natura 2000 site (ERM 
2008, Chapter 9). Major ecosystem services of the Serra da Estrela include the provision of 
geological resources such as water (irrigation, drinking, energy), wind (energy), rocks, ore 
(mining), and biological resources such as pastures (grazing), forests (timber, resin), and 
biodiversity. In addition the area offers major social services such as cultural heritage values, 
aesthetic values, and recreation (tourism). 
 
Water and mineral resources 
In general, rivers are State property (Decreto-Lei 468/1971). 
Previously, water courses and lakes in the higher mountain area belonged to the commons, 
but were transferred to mostly private hydro-electric companies, by the end of the 19th and for 
the greater part in the first half of the 20th century. After the nationalisation of the electric 
sector in 1975, the hydropower companies merged in the Electricidade de Portugal (EDP). As 
a result most of these water bodies are now State property (see also Schrijver et al. 2011). 
Mineral waters are also owned by the state as are ore deposits and geothermal resources (IGM 
2000), but private organisations and municipalities can apply for the right to explore and 
exploit them on the basis of a concession granted by the Ministry of Industry. 
In addition, ‘spring water’, locally called ‘água de nascente’, (any drinkable groundwater not 
included in the legal concept of mineral water), is the property of the landowner (Carvalho 
1993, Carvalho et al. 2005). Currently three bottling water companies exist and all produce 
‘água de nascente’ (Box 2). According to one of the companies their spring was already 
known in pre-Roman times (Sumol Compal 2011). 
Besides spring waters, mineral masses such as clays, granites, sand and in general all the 
ornamental stones and those used in building which are not included under the ore deposits 
category, are not state-owned and may be privately owned (IGM 2000). 
 
Wind energy 
Currently one wind farm lies inside the Natura 2000 site, two just outside it and a another few 
within a relatively short distance. The one within the Natura 2000 site has been constructed on 
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common land (Agri-Pro Ambiente 2005, ERM 2008), but the wind farm is owned by a private 
company which is also a subsidiary of EDP. Under the present law, municipalities in which a 
wind farm is located will automatically benefit from the remuneration, which the operator of 
the wind project receives (EREC 2009).  
 
Forestry 
Most of the forests are privately owned, but parts belong to the commons or are owned by the 
state (Chapter 9). 
 
Grazing 
Most of the (summer) pastures in the upper zone belong to the commons, but the areas that 
are used all year round are mostly privately owned. 
 
Hay-making 
In general hay-meadows are privately owned. 
 
Tourism 
The rights to explore tourism and sports were transferred to Turistrela S.A (Sociedade 
Anónima) that holds the concession in the area from 800 m upwards to the summit (Costa et 
al. 2004). Access to the site and to the summit has been improved in the last decade. The 
number of visitors at the summit during the winter season (November - April), has increased 
from 1,6 million in 2000-2001 to over 2 million in 2004-2005 (Moura 2006). The tourism 
sector in the Serra da Estrela depends heavily on the persistence of pastoral landscapes and 
their associated biodiversity. A large amount of visitors may put pressure on the biodiversity 
of the area, but may also offer opportunities to reconnect urban people with nature (Jansen 
2002a). Indeed, as is stated in the sustainable tourism strategic plan, six out of the seven 
tourist attractions marked for further development (Simão 2008) are related to the history of 
traditional agro-pastoral life: gastronomy, heritage, culture, tradition, rurality and bucolism. In 
fact most visitors are day trippers or weekenders and in order to stimulate a longer stay and 
thereby the regional economy, initiatives have been taken to raise interest in cultural, 
archaeological, historical, geological and biological attractions (Rodrigues et al. 2008). 
Recently Turistrela S.A. finally acknowledged the business importance of eco-tourism, 
dedicating part of its website to biodiversity with a view to attracting nature lovers or 
suggesting to practicioners of winter sports that they should consider a visit during the 
summer season when the ground is covered with vegetation instead of snow. 
Whereas once the inaccessibility and the difficult connection to the urban markets were 
among the major drivers leading to the continuation of traditional farming and therefore the 
conservation of high quality semi-natural biotopes, now accessibility and good connections to 
the urban centres may raise the wildfire risk. Wildfires are a threat to all property and the use 
of it. Through erosion they can have adverse effects on water quality of springs and other 
water system bodies. They may block rivers by landslides and can cause severe sedimentation 
in dam reservoirs (e.g. Moody & Martin 2004, Smith et al. 2011). Wind farms and other 
infrastructure are directly or indirectly threatened by landslides. Forestry is directly threatened 
by the loss of timber and soils. Tourism is threatened by the loss of aesthetic values and 
tourism infrastructure. However accessibility and good connections to urban centres can, 
through education, also become a force for major public support to continue management that 
favours biodiversity. 
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Ownership and its relation to habitat types in Serra da Estrela  
 
No digital map of ownership is available and therefore it is only possible to roughly estimate 
the relationship to habitat types (Table 1). The estimation is based on the author’s 
observations, habitat cartography by ICNB (2008) and a general map of landowners (ERM 
2008). The rule of thumb applied for this estimation is that in all probability habitats which 
have their major occurrence in the upper belt and/or in the upper parts of the middle belt, are 
common property, since commons are predominant in the highest belt. With decreasing 
altitudes, the proportion of common property also decreases, while the proportion of private 
property increases. In addition rivers and lakes are generally State property and meadows are 
generally private property. 
In the lower belts it is complicated to estimate the relationship of habitat types to ownership. 
It should be noted that the habitat types occurring mostly on common land in the upper belt, 
may be part of private and/or public property in the middle and lower belt. 
It can be concluded that of the fifteen types for which, Serra da Estrela is a relevant site within 
the Natura 2000 network of Portugal (ICN 2006), ten are exclusively common or mainly 
common property, two are public property and there is not enough information available to 
assess the remaining three habitat types. 
 
Predominant ownership Habitat types 
Common  3160, 4010, 4030, 4060, 4090, 5120, 6160, 6220*, 6230*, 
(7110*), (7120), 7140, 8130, 8220, 8230 
Public  3130, 3260, (3150), 3270, (3280), (3290) 
Private 6410, 6510 
Unknown 3170*, 4020*, 5230*, 5330, 6430, 8310, (91B0), 91E0*, 9230, 
9260, 92A0, (92D0), 9330, 9340, (9380), 9540, 9580* 
 
Table 1. Ownership related to the occurrence of habitat types. Bold: habitat types for which according to ICN 
(2006) Serra da Estrela is a relevant site within the Natura 2000 network of Portugal. Between brackets: habitats 
of which there are doubts about their presence in Estrela. Asterisk: priority types. 
 
It is no surprise that most of the habitats that are found on common land are typical of 
pastures. These types also have the largest extent, especially types 4030 and 6220* which 
cover large areas. 
 
Exploitation of the commons  
 
In the Serra da Estrela, there is a current risk of under-exploitation of the commons. 
Abandonment is presently taking place threatening private and public goods and services such 
as biodiversity, renewable energy supply, water management, and infrastructure. The under-
exploitation amongst others leads to bio-accumulation, which enhances the risk of wildfires. 
The more so, as opening up of the area has unintentionally increased the access of arsonists. 
Additionally, the historic resentment of the population against the Forest Service may induce 
local people to set fires to forest plantations (Jansen 2002a, Jansen et al. 1997). As such, land 
abandonment can ultimately have the same effect as over-exploitation (destruction of 
vegetation and soil degradation).  
There still seems to be a prevailing opinion that afforestation would be a good economic 
alternative to communal grazing and the organisations that are responsible for the 
management of the baldios have their roots partly in forestry (Mendes 2006, 2008). However, 
that opinion is undermined by the increased wildfires during the last decennia which caused a 
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large amount of damage to the environment, the economy, and society. Unfortunately the 
damage cannot be adequately calculated due to the poor quality and availability of data 
(Chapter 8 and 9, Birot 2009). Most attempts to calculate the economic loss from wildfires 
seem to be related to the costs of the proper forest sector only, but to have a realistic estimate 
concerning the impact of wildfires on nature and society altogether, the assessment should be 
stretched out over a long period after the occurrence, with full appraisal of how humans, 
goods and services are affected (Birot 2009).  
 
Management and planning instruments 
 
In the Serra da Estrela several institutional arrangements currently operate within the Natura 
2000 site. The new Plano de Ordenamento do Parque Natural da Serra da Estrela (POPNSE), 
which acknowledges the Plano Sectorial, was approved by the government in 2009 (RCM 
2009). The municipal plans are obligated to adjust to this POPNSE. 
Recently the area was split up into several zones for forest intervention. These so-called ZIF’s 
(Zonas de Intervenção Florestal) have been established by law. Within each area there is an 
active association of land-users, eligible for certain subsidies (MADRP 2010a). The land-user 
associations are mostly related to the forest sector but in some cases also relate to the agrarian 
sector. 
Plans have been developed to use the natural resources of the commons. These plans (PUB – 
Planos tipo de Utilização dos Baldios) were also established by law and the associations that 
are responsible for the management are more or less the same as those that are responsible for 
the forest plans (MADRP 2010b). 
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Introduction 
 
Before drawing general conclusions, this chapter discusses the two major issues of the thesis, 
i.e. the lack of knowledge regarding Natura 2000 habitats (with emphasis on semi-natural 
habitats) and the integration of the concepts of ecosystem services in the management of a 
Natura 2000 area affected by changes in socio-economic conditions, such as the Serra da 
Estrela. 
In section 1 the knowledge gaps with respect to Natura 2000 habitats are discussed. In the first 
subsection (1.1) some taxonomical issues are discussed and in the second subsection (1.2) 
syntaxa and Natura 2000 habitat types. In the third subsection the implications of the present 
study for the assessment of the conservation status of Natura 2000 habitat types are reviewed. 
In section 2 the management options for Natura 2000 sites under changing socio-economic 
conditions are discussed. The last section (3) draws general conclusions.  
 
1. Knowledge gaps concerning Natura 2000 habitats 
 
1.1 Taxa  
 
The focus of this thesis is primarily on syntaxonomy and no serious attempts have been made 
to include taxonomic studies of species new to the flora that were discovered, other than the 
paper presented in Chapter 2, which deals with Vaccinium uliginosum subsp. gaultherioides, a 
character species of the Pino-Juniperetea (Jansen et al. 1999a). Nevertheless during general 
preparatory fieldwork and the detailed research on selected biotopes required for this 
dissertation, quite a number of species unknown for the Serra da Estrela or the region were 
discovered. These include dozens of new species to Portugal, the Iberian Peninsula and a few 
new to science (Aptroot et al. 1992, Garcia 2001, Garcia et al. 2002, Garcia et al. 2008, 
Jansen 1993, 2002, Oliván et al. 2005, Séneca 1998, Séneca & Daniels 1994, Sérgio & 
Carvalho 2003, Sérgio & Garcia 2009, Sérgio & Pursell 2001, Sérgio & Váňa 1994, Sérgio et 
al. 1991, 1994b, 1994c, 2001, 2002, 2003, 2004, Steffen et al. 1999, Van den Boom & Etayo 
2001, Van den Boom & Giralt 1996, 1999, Van den Boom & Jansen 2002). In addition some 
species that were considered extinct or were not recognised in Portugal have been 
rediscovered (Sérgio et al. 2001, 2002, Sérgio & Jansen 2000). 
The high number of new records can be explained to a large extent by the decision to include 
cryptogams in phytosociological relevés. This is exceptional in the Iberian Peninsula. 
Cooperation with taxonomic specialists (to whom samples, that could not readily be 
identified, were sent) produced an astonishing amount of new records. Within the plant 
communities researched for this thesis, these are: 
 
Barbilophozia floerkei (Sérgio et al. 1994c) 
Barbilophozia lycopodioides (Sérgio et al. 1994c) 
Buellia chloroleuca (Van den Boom & Jansen 2002) 
Cephaloziella elachistica (Sérgio et al. 2001, see also remarks Appendix 4.1) 
Cladonia carneola (Jansen 1993, Van den Boom & Giralt 1999) 
Cynodontium jenneri (Sérgio et al. 1994c) 
Kiaeria blytti (Garcia 2001) 
Kiaeria falcata (Garcia 2001) 
Lecidea porphyrospora (Van den Boom & Jansen 2002) 
Rhizomnium magnifolium (Sérgio et al. 1994c) 
Sphagnum aff. recurvum var. mucronata (Garcia 2001) 
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The examination of the Sphagnum recurvum complex which occurs in three relevés of Table 
6.1 brought in Sphagnum aff. recurvum var. mucronata as a new species to Portugal (Garcia 
2001). Further study on this Annex V species is needed as the complex is included in a 
polymorphic group with Sphagnum angustifolium and S. flexuosum which in Portugal may 
occur only in few locations in the Serra da Estrela (Sérgio & Carvalho 2003). Diplophyllum 
obtusifolium (Appendix 1: Chapter 5: Table 1, addenda) would also be a species new to 
Portugal but needs confirmation (Garcia et al. 2008). 
At present a total of 3452 convolutes with bryophytes, collected during fieldwork in the 
selected biotopes and also in other biotopes not presented in this thesis, are stored in the 
herbarium of LISU (Garcia 2001). Taxonomic studies on quite a number of cryptogamic 
species, reported as new to Portugal, were still in progress during the preparation of this thesis 
and could not be listed in the published vegetation tables. 
Cooperation with taxonomists in the field of vascular plants proved less easy and as yet only 
two species have been examined and published: 
 
Silene x montistellensis (Jansen) Ladero, Rivas Mart., A. Amor, M.T. Santos & M.T. 
Alonso (Chapter 5) 
Vaccinium uliginosum subsp. gaultherioides (Bigelow) S.B. Young (Chapter 2) 
 
The hybrid Silene foetida x acutifolia, which was first noticed in Jansen (1997) and a year 
later provisionally described (Chapter 5) has been classified officially as Silene x 
montistellensis by Ladero et al. (1999), who were obviously unaware of the previously 
published papers (Jansen 1997, 1998). The correct name of this strict Estrelean endemic 
would be Silene x montistellensis (Jansen) Ladero, Rivas Mart., A. Amor, M.T. Santos & 
M.T. Alonso. 
In addition, more than a dozen vascular plant species new to the Portuguese flora, remain to 
be examined and officially confirmed. These are listed in Jansen (1997, 2002a). Within the 
plant communities studied in this thesis, the new species are: 
  
Arrhenatherum elatius subsp. carpetanum Rivas-Martínez & Fernández-González 
inéd. (Chapters 3, 4, 5) 
Athyrium distentifolium Tausch ex Opiz (Chapter 5) 
Gentiana lutea subsp. aurantiaca M. Laínz (Chapter 4) 
Plantago alpina L., Sp. Pl. (Chapter 2, 4, 5) 
Poa glauca Vahl in Oeder (Chapter 5) 
Veratrum album subsp. lobelianum (Bernh.) Arcang. (Chapter 4) 
 
Both Gentiana lutea and Veratrum album were known from the Serra da Estrela, but during 
the fieldwork, flowering specimens could be observed, and it became clear that it concerns 
subspecies new to Portugal (Jansen 1995, 2002a). Festuca rivularis Boiss. was integrated in 
the Nova Flora de Portugal in 1998 (Franco & Afonso 1998). At the time of sampling (1994: 
see Appendix 1: Chapter 5: Table1) it was considered to be a new species, as it was not listed 
in what was then the leading Flora (Coutinho 1939). Plantago alpina has been recently 
confirmed (Benedí & Rico 2010). 
Within the context of this research, a new breeding bird species for Portugal could also be 
brought forward: 
 
Luscinia svecica subsp. cyanecula Meisner 1804 (Chapter 3) 
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Further research on this species (generally known as the Bluethroat) may clarify whether it is 
a new sub-species to science (subsp. azuricollis) as suggested by Mayaud (1938, 1939, 1959). 
This has recently been confirmed by Anmarkrud et al. (2010) for certain populations in Spain. 
Further research is needed to clarify to what extent, the mountain populations of this bird 
species are dependent on habitat type „5120 Mountain Genista purgans formations‟ and 
therefore whether it should be assessed as a „typical species‟ for that habitat type according to 
the EC (2006). In Spain, mountain populations have similar traits (the characteristic white 
spot is lacking) while nearly hundred percent of the bird‟s territories are situated in habitat 
5120 (De La Cruz Rot 2009). 
The exploratory research for this thesis delivered at least five species, which are listed in 
Annex II and/or IV of the Habitats Directive and which were previously unknown for the 
Serra da Estrela, namely: 
  
 Murbeckiella sousae (Jansen 1997) 
 Narcissus pseudonarcissus subsp. nobilis (Jansen 2002a) 
 Scilla ramburei subsp. beirana (Jansen 1997) 
 Bruchia vogesiaca (Sérgio et al. 1998) 
 Marsupella profunda (Garcia 2001) 
  
1.2 Syntaxa and the designation to Natura 2000 habitats 
 
Table 1 gives an overview of all syntaxa (n = 21), distinguished in the analysis of the five 
selected syntaxonomical classes in this thesis, and indicates the extent of information made 
available by the research for this thesis with regard to floristic composition, syntaxonomy, 
synecology, associated land use and general distribution. All syntaxa, listed in the order of the 
chapters in which they are treated, contribute to a better knowledge of Natura 2000 habitats. 
In total 9 types of Natura 2000 habitats are involved. Three new plant communities and three 
new subassociations have been described as well as five new rankless vegetation types 
(mostly basal communities). 
 
Fresh water habitats 
 
For the Serra da Estrela eight habitat types of „Fresh water habitats‟ have been reported 
(Appendix 2). In Chapter 6 two syntaxonomic classes have been analysed which are mainly 
associated with two Natura 2000 habitat types, i.e. „3130 Oligotrophic to mesotrophic 
standing waters‟ and the priority type „3170* Mediterranean temporary ponds‟. All vegetation 
types of the Isoëto-Littorelletea distinguished can be associated with Natura 2000 type 3130, 
except for the Fontinali-Ranunculetum fontinaletosum. Whereas the Fontinali-Ranunculetum 
antinorietosum can be attributed to that habitat type because of its limno-stagnophilic 
character, the rheophilic Fontinali-Ranunculetum fontinaletosum may be added to Natura 
2000 habitat „3260 Water courses of plain to montane levels‟. According to Toro et al. (2009), 
Ranunculus ololeucos would in Spain even be more or less restricted to habitat type 3260, 
although in exceptional cases this species may occur in soft water lakes (Molina et al. 1999). 
In fast-flowing flushes at high altitudes in the Serra da Estrela, the Fontinali-Ranunculetum 
fontinaletosum is replaced by bryophyte communities, which might be added to habitat type 
3260. At lower altitudes in permanent streams the subassociation is replaced by rheotolerant 
stands of Ranunculus pseudofluitans, which are added to type 3260. 
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BC Cytisus oromediterraneus [Pino-Cytision] 3.1 40a1 x x x x # x 5120 y co 
Teucrio salviastri-Echinospartetum (type 1) 4.1 40a.1.2 * * * * # # 4090   co 
Lycopodio-Juniperetum (type 2-5) 4.1 40a.1.1 * * * * # * 4060   co 
Junipero-Ericetum (type 6-8) 4.1 34a.1 * * * * # * 4030   co 
Potentillo-Callunetum (type 9) 4.2 40 x * x * # * 4060 y co 
Potentillo-Callunetum (type 10-11) 4.2 34a.2.2 x * x * # * 4030   co 
Cryptogrammo-Dryopteridetum 5.1 15a.2.1 x x x * # x 8130   co 
Trisetum hispidum community 5.1 15a.1 x x x * # x 8130 y co 
Sileno-Rumicetum 5.1 15a.1.1 x x x * # x 8130 y co 
Digitali-Leontodontetum 5.1 15a.1.2 x x x * # x 8130 y co 
Violetum langeanae 5.2 25b.2 x * x * # x 6160   co 
BC Sparganium angustifolium-[Littorellion] 6.1 5a.1 x x x x # x 3130 y pu 
Fragments Hyperico-Potametum 6.1 5a.2 * * * * # * 3130   pr 
Fontinali-Ranunculetum subass fontinaletosum 6.1 5a.2.1 x x x * # x 3260 y ? 
Fontinali-Ranunculetum subass antinorietosum 6.1 5a.2.1 x x x *  # x 3130 y pu 
Juncetum nanae 6.2 4a.1.1 * x x * # * 3170   co 
BC Molineriella laevis - [Cicendion] 6.2 4a.2 * x * * # # 3170 y pr 
Cicendietum filiformis 6.2 4a.2.1 * x * * # * 3170   pr 
Molineriello-Illecebretum spergularietosum 6.2 4a.2.2 x x * * # * 3170 y pr 
Holco-Bryetum 6.2 4a.2.3 x x x x # x 3170 y co 
Pulicario-Agrostietum 6.2 4a.3.1 * y # # # # 3170  pr 
 
Table 1. Survey of the distinguished syntaxa (variants not included) and features with references to the published 
tables, syntaxon code references for nomenclatural information, and translations to Natura 2000 habitat types. 
Estimated completeness of the collected information within the context of this thesis: x = completed or nearly 
completed; * brought forward to acceptable level but not completed; # brought forward but not at acceptable 
level. Syntaxa new to Portugal = y (yes). Major estimated share of ownership: pr = private, pu = public, co = 
common, ? = ‘unknown’. 
 
All vegetation types of the Isoëto-Nanojuncetea distinguished in the Serra da Estrela can be 
translated to Natura 2000 type 3170*. However according to the factsheets of ICN (2006) all 
should be included in type 3130. An important criterion to distinguish type 3170* from type 
‘3110 Oligotrophic waters containing very few minerals of sandy plains (Littorelletalia 
uniflorae)’ is the presence of character-species of the Isoëto-Littorelletea. Criteria for the 
distinction from type 3130 and ‘3120 Oligotrophic waters containing very few minerals 
generally on sandy soils of the West Mediterranean with Isoëtes species’ are the texture of the 
substratum, the presence of communities other than from the Isoëtetalia, the organisation of 
the communities in question in microgeosigmata, and the altitude of the stands. When the 
stands are above an altitude of 700 m they are automatically included in type 3130 (ICN 
2006). This criterion would add almost all relevés of the Isoëto-Littorelletea in Table 2 of 
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Chapter 6 (Appendix 1) to this type. The altitudes of only two relevés (running numbers 
ES711, ES791) would permit them to be added to type 3170*, but the absence of Isoetes 
species would remain a reason to include them in 3130. Another two relevés lie at exactly an 
altitude of 700 m, i.e. ES 929 and ES 930. As the criteria according to ICN (2006) are < 700 
m or > 700 m, these relevés cannot be classified. All four mentioned relevés belong to the 
Molineriello-Illecebretum spergularietosum. Clearly such an exact criterion for the 
delimitation of Natura 2000 habitats may be geographically convenient, but it poses the 
question as to whether synecological and syntaxonomical criteria would not be more suitable 
for defining habitat types. 
In Spain, in contrast to Portugal, the Juncetum nanae, the Hyperico-Cicendietum (closely 
related to Cicendietum) and the Molineriello-Illecebretum are all assigned to type 3170* 
(Camacho et al. 2009). On the other hand, the Molineriello-Illecebretum from the Serra da 
Estrela and the Serra de Montemuro is treated in this thesis as a south-Atlantic counterpart of 
the northern Digitario-Illecebretum from The Netherlands and Germany, where the latter is 
translated to type 3130 (Schaminée & Janssen 2003, Ssymank et al. 1998). The complexity of 
assigning syntaxa of the Isoëto-Nanojuncetea is acknowledged by various authors (Ruiz 2008, 
Silva 2009) and will need more attention in the future when more local studies become 
available for analysis. 
 
Temperate heath and scrub 
 
Five habitat types of the group „Temperate heath and scrub‟ have been reported for the Serra 
da Estrela (Appendix 2). In Chapter 4 two syntaxonomic classes have been analysed which 
are mainly associated with the three Natura 2000 habitat types of this group , i.e. „4030 Dry 
heaths‟, „4060 Alpine and subalpine heaths‟ and „4090 Endemic oro-Mediterranean heaths 
with gorse‟. 
Within these two classes eleven types have been distinguished. Type 1 can be clearly assigned 
to „4090 Endemic oro-Mediterranean heaths with gorse‟ and types 2 to 5 to „4060 Alpine and 
subalpine heaths‟. Types 6 to 8 can be assigned to „ 4030 Dry heaths‟. In addition Type 10 
and Type 11 of the Potentillo-Callunetum are assigned to „4030 Dry heaths‟. However, Type 
9 of the Potentillo-Callunetum is assigned to „4060 Alpine and subalpine heaths‟, because 
following the publication of the paper presented in Chapter 4, Type 9 (variant with Vaccinium 
myrtillus) it has become evident that it should be considered an association of the Pino-
Juniperetea (Appendix 4.2, Jansen et al. 1999a). Type 9 and and types 2 to 5 need more 
attention in the future. All these types may be generally assigned to the only known 
association of the Pino-Juniperetea in the Serra da Estrela, i.e. the Lycopodio-Juniperetum. 
However, this association has not been correctly published according to article 16 and 37 of 
the International Code (Weber et al. 2000). The presence of Cytisus oromediterraneus in 
Dwarf juniper scrub, which seems to be related to climatic conditions (Jansen 1994b, Mora 
2006, 2011, Pinto da Silva & Teles 1986), may play a decisive role in the delimitation of the 
types (see also Appendix 4: section 2). 
Meanwhile, after the completion of the study on heathlands (Chapter 4), a plant association 
dominated by Erica tetralix was discovered which was new to the Serra da Estrela (Jansen 
1997). This is now incorporated in „4010 Northern Atlantic wet heaths‟ (Chapter 9). Serra da 
Estrela is the southwestern-most situated site for this habitat type, which can be deducted 
from the data provided by EIONET (2011). 
 
Sclerophyllous scrub (Matorral) 
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Three habitat types of the group „Sclerophyllous scrub (Matorral)‟ have been reported for the 
Serra da Estrela (Appendix 2). In Chapter 3 one basal community has been analysed, the BC 
Cytisus oromediterraneus [Pino-Cytision] which is mainly associated with „5010 Mountain 
Genista purgans formations‟. 
The paper presented in Chapter 3 represents the only description of stands dominated by 
Cytisus oromediterraneus in Portugal and it is currently used as a basis for the factsheet of the 
Natura 2000 habitat 5120 (ICN 2006). In this description the deductive method of Kopecký & 
Hejný (1974, 1978) has been used for the first time in research in Portugal and indeed, as far 
as is known in the Iberian Peninsula. With this deductive method, vegetation units can be 
easily described without charging syntaxonomy with endless associations. In the initial phase 
of the basal community of Cytisus oromediterraneus, species of open grasslands constitute an 
important part of the vegetation. The occurrence of a large number of species of the Koelerio-
Corynephoretea and the Sedo-Scleranthetea in these pioneer grasslands indicate the affinity 
with three Natura 2000 types, i.e. „2330 Inland dunes with Corynephorus and Agrostis 
grasslands‟, „6160 Oro-Iberian Festuca indigesta grasslands‟, and „8230 Siliceous rock with 
pioneer vegetation‟ (EC 2007b). Syntaxonomy and synecology can play a significant role in 
defining and distinguishing Natura 2000 habitats. In this case it should be noted that many of 
the elements in the pioneer grasslands are the same as those occurring in The Netherlands in 
habitat type „2330 Open grassland with Corynephorus- and Agrostis species on land dunes‟, 
which is often associated with shifting sands (Janssen & Schaminée 2003).These sands have 
mostly evolved in the past from over-exploitation of heathlands (Fanta & Siepel 2010). As a 
result of frequent burning the topsoil loses organic material, and this makes the substratum 
susceptible to wind. It is interesting to see that over-exploitation of natural resources on a 
micro-scale can lead to valued Natura 2000 habitat types such as 2330 and 5120. The former 
type is listed by the EEA (2009) as being fully dependent on extensive agricultural practices. 
However, it has been shown in the Serra da Estrela that on a micro-scale natural processes can 
provide conditions that favour species which partly occur in semi-natural habitats 2330 and 
5120 (Chapter 3 and 5, Ferreira et al. 2001, Vieira 2004). These natural aeolian, hydro-aeolian 
and cryogenic processes may play an important role in habitats 6160, 8130 and 8230 and are 
therefore also important in the definition and management of these habitats.  
 
Rocky habitats and caves 
 
For the Serra da Estrela four habitat types of the group „Rocky habitats and caves‟ have been 
reported (Appendix 2).  
All the Thlaspietea communities described in Chapter 5 can be assigned to „8130 Western 
Mediterranean screes‟. 
The Violetum langeanae is considered a synonym of the Arenario querioidis-Festucetum 
summilusitanae (class: Festucetea indigestae) in the survey of plant communities in Portugal 
and Spain (Rivas-Martínez et al. 2001, 2002). According to this interpretation, the Violetum 
langeanae can be associated with Natura 2000 type „6160 Oro-Iberian Festuca indigesta 
grasslands‟. This may apply to the variant with Galium vivianum. However, the presence of 
many elements of the Koelerio-Corynephoretea, especially in the variant with Corynephorus 
canescens (Appendix 1: Chapter 5: Table 2), also indicates an affinity to Natura 2000 type 
„2330 Open grassland with Corynephorus- and Agrostis species on land dunes‟. It is assumed 
that processes of aeolian, hydro-aeolian and cryogenic origin also play an important role in 
the structure and function of the Violetum langeanae and thus in the definition of the habitat 
type (Chapter 5, Ferreira et al. 2001). This once more underlines the necessity for a 
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syntaxonomical and synecological approach in order to be able to assess the conservation 
status of Natura 2000 habitats. 
 
1.3 Consequences for assessing the conservation status of Natura 2000 habitat types 
 
In order to assess the conservation status of habitats and Annex species as „favourable‟ 
(according to the definition given in article 1 of the Habitat Directive (EC 2007), a method 
has been developed which is laid down in the report „Assessment, monitoring and reporting 
under Article 17 of the Habitats Directive‟ (EC 2006). This method must be followed by the 
Member States. 
The method for the assessment of habitats uses the following four parameters: 
 
 Range (the outer limits of the overall area in which a habitat is presently found in the 
biogeographical region within the Member State) 
 Habitat area (i.e. area covered by habitat in range) 
 Structure and functions (including typical species and ecology) 
 Future prospects for habitats (foreseeable impacts) 
 
For the overall assessment of the habitat each of these four parameters are assessed using four 
classes of conservation status: Favourable (green light), Unfavourable-Inadequate (amber 
alert), Unfavourable-Bad (red alert), and Unknown (EC 2006). After an addition process the 
overall conservation status of the habitat is assessed as follows: 
 
 Favourable: all green, or three green and one unknown 
 Unfavourable-inadequate: one or more amber but not red 
 Unfavourable-bad: one or more bad 
 Unknown: two or more unknown combined with one green, or all unknown 
 
Criteria for assessing habitat quality at a site level are not mentioned in European legislation, 
but this thesis follows the assessment method of the conservation status of the habitats in 
terms of „favourable at the regional level‟ according to the Habitats Directive (EC 2006, EC 
2007a) and interprets regional as local, i.e. at site level, unless a specific biogeographic region 
is explicitly mentioned. 
Clearly before estimating the four parameters, delimitation of the habitat type is necessary. 
Without descriptions of characteristics such as floristic composition, syntaxonomic 
composition, synecology, and physiognomy no reliable estimates can be made of range 
(parameter 1), the actual area of occupancy (parameter 2), structure and functions (parameter 
3) or the future prospects of the habitat in question (parameter 4) and the absence of such 
descriptions will easily lead to the classification of one or more of the parameters as 
„unknown‟. For example, for the conservation status of a habitat to be favourable, it is 
necessary that the conservation status of „typical species‟ of the habitat (as part of the 
parameter 3 „structure and functions‟) is favourable as noted in article 1.e of the Habitats 
Directive (EC 2007a). The Directive however does not provide a definition of „typical 
species‟ but because „typical species‟ directly influence the conservation status of a habitat, it 
is essential for the purposes of implementation of the Directive to know which species are 
typical species. This applies equally to impact assessments, for management purposes and in 
order to fill out the adopted article 17 reporting format (EC 2006). As species distribution, 
abundance and function vary geographically within a habitat, the „typical species‟ of a 
specific habitat type are often not constant throughout the natural range of that habitat type in 
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the EU, or even in any one country. The ‘typical species’ may therefore be defined at regional 
or national level for the purpose of assessing the conservation status (EC 2006). 
It is suggested here that in the case of large sites with high biodiversity and endemic plant 
communities such as the Serra da Estrela typical species may be defined at the site level. 
Typical species may include all plant species groups, for example higher vascular plants, 
lichens, bryophytes as well as all animal groups including birds and species (groups) not listed 
in the annexes of the Habitats Directive (EC 2006). In Portugal 60 % of all assessments of 
‘typical species’ have been reported as ‘unknown’ (CIRCA 2008a). In this thesis bryophytes 
and lichens have been included in the relevés which has enhanced the definition of plant 
communities, especially those that have few character species as well as those which support 
a rich bryophyte and or lichen flora. To date, the number of species in relevés made in Dwarf 
juniper heath can amount to over 70 if both the terrestrial and epiphytic cryptogams are 
included, demonstrating that species richness in these biotopes is much higher compared to 
existing literature data from the Iberian Peninsula, where cryptogams are not included (Rivas-
Martínez 1979, Díaz González 1998, Loidi et al. 2010). In the synoptic Table (Appendix 1: 
Chapter 4: Table 1) cryptogams account for 18 % of the character or differential species of the 
Pino-Cytision, 40 % of the Ericion umbellatae and 61 % of the Genistion micrantho-anglicae 
respectively, showing that bryophytes and lichens play also a significant role in the 
discrimination of certain vegetation types of these alliances and consequently in the 
classification of Natura 2000 habitats (see also Van den Boom & Jansen 2002). For certain 
vegetation types of the Isoëto-Nanojuncetea and the Thlaspietea it has also been shown that 
bryophytes are important species to distinguish these types from others (Chapter 5 and 6). It is 
observed that multidisciplinary cooperation will be needed in the future to select typical fauna 
species that make use of the Natura 2000 habitats. Chapter 3 is an example of a preliminary 
effort in the Serra da Estrela (see also Chapter 10: section 1).  
Other parameters such as ‘range’ and ‘habitat area’ can only be optimally assessed if a 
comprehensive cartography is available, but the quality of the mapping will again depend on 
the delimitation of the habitat type, which is again related to its local definition. It must be 
noted here that for an adequate estimation on the Portuguese biogeographic levels, a 
comprehensive survey of plant communities is still outstanding, although there are already 
some local syntaxonomic surveys available (e.g. Aguiar 2001, Costa 1992, Honrado 2003, 
Pinto-Gomez 1998, Neto 1999). A first effort has been made by Silva (2009) in his thesis on 
the Isoëtetalia in Portugal. Consequently, the present maps of Natura 2000 habitats in 
Portugal are based on incomplete information, which hampers a reliable assessment of their 
conservation status, both from the local to the national scale. Hardly any systematic surveys 
of plant species distribution exist in Portugal (ICN 2006) and therefore it is also difficult to 
assess species population sizes (ICN 2006).  
The information on the parameters ‘range’ and ‘habitat area’ (‘surface’ in Chapter 10: Table 
1) of the selected syntaxa has been much improved with the indication of major locations 
where good examples occur together with the allocation of UTM coordinates for each relevé. 
However a vegetation map has not been provided in this thesis and as such the assessment of 
range and habitat area of the selected syntaxonomic classes remains dependent on expert 
judgement, which is permitted if there is lack of information (EC 2006). Indeed it has to be 
acknowledged that the outcome of the assessment of all 40 Natura 2000 habitats in Chapter 9 
was partly based on expert judgement (see also Appendix 3a). As judgements and 
assessments are likely to have low confidence levels, any conclusions should be regarded as 
preliminary and must take these limitations in our knowledge into account. 
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To assess the ‘future prospects’ of the habitat type, insight is required into the possible 
impacts of globalisation processes on associated land use. This will be discussed in section 2 
(see also Chapter 9). 
The assessments of the conservation status of habitats are mainly based on data referred to in 
Chapter 9 (see methods) and additional field visits until 2007. All scores were entered into a 
Microsoft Excel spreadsheet; the summarised scores are shown in Chapter 9 and the 
assessment of the parameters for each separate habitat type in Appendix 3a. 
For the analyses of habitats that depend on or are associated with traditional farming the 
‘Revised list of habitats from Annex I of the Habitats Directive that depend on, or are 
associated with, extensive agricultural practices’(EEA 2009) was used. The list is split up 
into two categories. The first category comprises those habitats that clearly fulfill the 
conditions to be listed. The second category includes those where doubts exist or where the 
relationship with extensive farming practices only holds true for part of their distribution in 
Europe. Relevant habitats of the Serra da Estrela are listed in Appendix 3a. Nine habitats in 
the Serra da Estrela are grouped in the former and three in the latter, which were not 
considered in the analyses. It is recommended that habitat types 4060 and 5120 for the Serra 
da Estrela (i.e. Portugal) are added as habitats partly depending on extensive agricultural 
practices. 
All 40 habitat types reported for the Serra da Estrela were assessed, but if assessment had 
been carried out for only the 15 types for which the Serra da Estrela is a relevant site within 
the Natura 2000 network of Portugal (ICN 2006, see als Box 2: Table 1), then the outcome 
would have been even more favourable, i.e. six Favourable, three Unfavourable-inadequate, 
two Unfavourable-bad and one unknown (Appendix 3a). Types 4060 and 5120 only occur in 
the Serra da Estrela and as such the outcome of the assessments for the two types holds 
simultaneously for the whole Mediterranean biogeographic region and for Portugal, i.e. both 
favourable. 
As there was much information lacking, most of the assessments remained dependent on 
expert judgement. This is permitted when there is a lack of information (EC 2006). Indeed it 
is acknowledged that the outcome of the assessment of all 40 Natura 2000 habitats in Chapter 
9 was partly based on expert judgement. The whole procedure will remain somewhat 
subjective as long as the outcome of the assessments cannot be obtained independently of the 
assessor. Still at this stage the assessment provided by this thesis, which is based on the 
method prescribed by the EC (2006), seems to be the best approach. We cannot exclude the 
possibility that the outcome could be different if other experts were to follow the same 
assessment method, but repeated assessments should produce the same results. Herein lies a 
fundamental problem, which should be solved in the future in order to increase the 
transparency and repeatability of the assessments and raise public confidence in nature 
policies (Jansen 2001, 2002b, 2004, 2005d, 2007b). 
In addition as a result of a general lack of knowledge of certain habitat types in Portugal, there 
are doubts about the occurrence of several habitat types in the Serra da Estrela. Knowledge 
gaps are partly related to the definition and the interpretation of the general description of the 
habitats in the Interpretation Manual of European Habitats (EC 2007b). According to the 
sectoral plan of ICN (2006) type 3150 and 3270 do not occur in the Serra da Estrela, but their 
presence was noted by RCM (2008). Here it is stressed that there is a need to gain more 
knowledge about these and other types, which, according to their general range within 
Portugal (ICNB 2008b) are likely to be present in the Serra da Estrela e.g. 3160, 91B0, and 
3170*. Based upon the author’s own observations these three types and 9380 are probably 
present in the Serra da Estrela. In particular type 9380 should be reviewed as there are only 3 
sites in Portugal where this type occurs (Appendix 3a, ICNB 2008b). Another three types 
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reported for the Serra da Estrela (Jansen 1997), i.e. types 7110*, 7120, 9540, are not included 
in the Portuguese list of habitat types (ICNB 2008b). This is probably related to the fairly 
broad definition in the Interpretation Manual of European Union Habitats. In addition the 
reported occurrence of type 92D0 in Serra da Estrela, which was based on the EUR12version 
of the Interpretation Manual (Anonymous 1995 in Jansen 1997), is dubious regarding its 
updated definition (now 5230*) and its current range in Portugal (ICN 2006, ICNB 2008b). 
 
2. Management Options 
 
2.1 Interference or withdrawal? 
 
One may safely postulate that since the arrival of man, both natural and anthropogenic factors 
have affected the development of flora, fauna and vegetation in the Serra da Estrela (Chapter 
9). The question, especially in the light of the present land abandonment processes, is whether 
this co-evolution between man and nature is, or is not, a reversible process. Would the 
original species assemblages and vegetation cover return if people withdrew and left the area 
to natural forces and would this lead to a (local) increase in biodiversity? If this hypothetical 
question could be answered affirmatively, then perhaps nature conservation authorities could 
be satisfied with the current phenomenon of land abandonment. Often the underlying 
assumption is a perception that (globally) species-richness in the past was higher than today, 
or leastwise that species-richness of endemics was higher. In the last 500 years, human 
activity is known to have forced 869 species to extinction worldwide (IUCN 2007, Vié et al. 
2009). Extinction is a natural process, but the human-caused rate of species extinction is 
estimated by experts to be 1,000 to 10,000 times higher the „natural‟ extinction rate (Hassan et 
al. 2005, IUCN 2007). Speciation as the opposite process to extinction is also partly a natural 
and partly a human-induced process. In the Serra da Estrela a fairly recent natural evolution of 
„micro-species‟ has been suggested by Pinto da Silva & Teles (1986), whereas co-evolution of 
nature and man in traditional farming created new breeds of domestic animals and possibly 
also genetic crop varieties (Chapter 7, 8, Jansen 2002a). 
Paradoxically in the Serra da Estrela species may have disappeared as a result of hunting and 
clearing of natural forests, but human withdrawal from active land management is likely to 
result in other species facing extinction in the future. It could be argued that when people 
withdraw, species which depend on „natural‟ systems (whether native or not) would find new 
opportunities to fill in the gaps in successional phases (Chapter 9). On the other hand, habitats 
depending on farming would disappear, and both plant and animal species depending on 
farming would decrease in numbers or would become extinct unless they can find new niches. 
This thesis focuses on habitats and their associated plant species, but it is likely that in this 
event animal species may be the most threatened. According to the last IUCN assessment (Vié 
et al. 2009) two animal species (not specified) have become extinct in Portugal but not a 
single plant species. When the categories „critically endangered‟, „endangered‟ and 
„vulnerable‟ for animal and plant species on the European list of extinct, threatened and other 
species in each Red List Category of each country are summarised, Portugal has 143 animal 
species and 16 plant species, which ranks the country second highest on the list of threatened 
animal species (Vié et al. 2009: Appendix 9) and third on the list of threatened plant species 
in Europe (Vié et al. 2009: Appendix 10). 
The available information about the flora of Serra da Estrela in remote periods of history does 
not permit any conclusion to be drawn as to whether („native‟) plant diversity significantly 
decreased or increased over the past few millennia (Chapter 9, Box 2). Major (pre-) historical 
changes (both climatic and of anthropogenic origin) can only be assessed at the level of 
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vegetation formations (Chapter 9). It is likely that by enlarging formations of scrub and 
grasslands, traditional land use increased opportunities for species, whether already present or 
moving in from other areas, to find new niches in the open landscape (Chapter 9: Table 3). By 
almost completely destroying the area covered by natural forest, farming reduced 
opportunities for characteristic forest species and evidence of subsequent massive erosion 
suggests that the reverse process, i.e. succession towards mature climax forests, has become at 
the very least extremely difficult (see also Box 2). Nevertheless the traditional use of the land 
which included protection of chestnut forests provided refugia for forest species. A major part 
of the number of understorey plant species of indigenous deciduous woodland types, can 
currently be encountered in Estrelean chestnut forests (Jansen 2002a). However, today the 
largest number of plant species is found in open biotopes (Chapter 9 and Box 2: Fig. 1), 
varying in hemorobic state from more or less natural to anthropogenic. In addition endemic 
biodiversity is high in open habitats such as cliffs, screes and primary grasslands (Jansen 
2002a). Regression to a fully forested landscape could pose a risk to heliophilous species. 
Semi-natural habitats could also disappear and the associated species may decline strongly in 
number or become locally extinct, while risks of wildfires would increase. It may therefore be 
argued that in order to conserve biodiversity a certain amount of human interference is needed 
and that traditional farming can play a major role in this respect, given its importance as an 
agent in maintaining the open landscape, its semi-natural habitats and their associated species 
and in the prevention of wildfires (Chapter 7, 8, 9). It must be admitted that the effects of „re-
wilding‟ as a management system have not been analysed in the context of this thesis as these 
are very difficult to predict in an environment that has been conditioned by centuries of 
grazing (Chapter 9). 
Human interference may also be required in the context of climate change. It is assumed that 
the geographic position and mountainous character of the Estrela provided opportunities for 
species reacting to climate change in the past, suggesting that in the future the territory‟s 
biodiversity could adjust again to climate changes. However, under contemporary 
infrastructural and land-use conditions in the areas around the mountain, migration to safe 
havens may be obstructed or made less easy than in the past. Altitudinal limitations restrict 
escape opportunities of cryophilous or chionophilous species such as the strictly Estrelean 
endemic Festuca henriquesii (Jansen 1998, 1999) and here a degree of interference may be 
needed (Jansen 2005c). Examples of habitat relicts and possible species relicts are dealt with 
in Chapter 2 and 5. New genomic techniques, especially regarding species of high 
conservation interest, may lead to a better understanding of how environment and genetics 
interact, and what alternatives for adaptation there might be for endemic populations in an 
isolated bioclimatic oro-Mediterranean island such as the upper zone of Serra da Estrela (e.g. 
Ouborg et al. 2010). 
 
2. 2 Complying with Natura 2000 objectives: the need for continuing traditional farming 
 
From the estimates (see Chapter 9) of the current distribution of 40 habitat types and 50 
Annex plant species in the Serra da Estrela over six areas with different major land-use types 
(such as modern agriculture, production forestry, land abandonment, no land use (natural 
ecosystems) and traditional farming), it can be concluded that a mosaic of the last two land-
use types would offer the best option for the conservation of all habitat types and Annex II, 
IV, V plant species in the Serra da Estrela (see also Appendix 3a, 3b). Although plant species 
are not expected to decline significantly in the higher parts of the mountain if farming ceases, 
wildfires associated with land abandonment would cause extinction of more than half of the 
habitat types and Annex plant species. As farming can prevent this phenomenon, it is 
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considered the best way forward to comply with Natura 2000 objectives (Chapter 9). It was 
not possible to estimate the occurrence of the 48 Annex animal species that are reported from 
the Serra da Estrela. Data are not available, as habitats of animal species usually cover several 
biotopes, and moreover assessment will be more reliable if executed by specialists in zoology. 
The continuation of traditional farming would not only prevent the huge economic, ecological 
and social losses caused by wildfires, but would also allow the prolongation of both semi-
natural habitats and plant species dependent on farming, which in turn is one of the objectives 
of Natura 2000. Moreover, since wildfires destroy natural habitats farming would contribute 
to the protection of natural habitats as well. From a nature conservation point of view, certain 
open biotopes are dependent on farming for their maintenance. In general most heaths and 
grasslands require some sort of management varying from intensive (e.g. the irrigation and 
harvesting of „6410 Molinia meadows‟), to extensive (e.g. herded grazing and controlled 
burning of „4030 Dry heaths‟). On the other hand, rocky habitats and forests, with minor 
exceptions, do not require any management at all, apart from protection from adverse effects 
of anthropogenic activities. 
In the landscape of the Serra da Estrela one important functional pattern should be noted, 
namely that the intensity with which biotopes are affected by farming, generally decreases at 
increasing distances from the villages and farms, in other words from the „infields‟ to the 
„outfields‟ (Jansen 2002a). This pattern can be explained by the unsuitability of large parts of 
the mountain for intensive agriculture (Chapter 9). More or less natural habitats remain in the 
more remote and/or inaccessible parts of the mountain, where conditions were too harsh to 
practice crop farming. Open rock outcrops and inaccessible cliffs appear in general to have 
been hardly affected at all, while natural open summit grasslands and scrub suitable for 
extensive herded grazing have undergone some degree of human impact.  
However, one group of natural biotopes has been most severely affected and that is the native 
climax forests. These were mostly cleared by burning and felling and replaced by open 
habitats including scrub, grasslands, and arable lands (Box 2). Consequently restoration 
measures will be required for natural forest habitats (Chapter 7, 8). 
At present all Natura 2000 forest habitat types in the Serra da Estrela (except „9260 Castanea 
woods‟) have an unfavourable conservation status, and the same goes for the related habitats 
„5230* Arborescent matorral‟ and „6430 Hydrophilous tall herb fringe communities‟. By 
contrast all the rocky habitats have a favourable conservation status (Appendix 3a). Moreover, 
most of the semi-natural habitats still have a favourable conservation status, although the 
question remains for how much longer. Already the conservation status of hay meadows, 
which need more intensive maintenance than heaths, has been assessed „unfavourable-
inadequate‟ (Chapter 9, Appendix 3a).  
The technical and political-administrative question here is how to integrate native forest 
within this mosaic of open Natura 2000 habitats under the present conditions of fire risks and 
expected climate change, without jeopardizing the essence of some of the last living examples 
of a rather open agro-pastoral cultural landscape with a traditional infield-outfield system, 
without which the Natura 2000 objectives of the area cannot be met (Chapter 7, 8, 9). 
A major problem is that the socio-economic basis for traditional farming has virtually 
disappeared in the Serra da Estrela (Chapter 7, 8 and 9) and as such the area reflects one of 
the major problems in the conservation of semi-natural landscapes in Europe.  
As a follow-up to its policy of halting the loss of biodiversity by 2010, the European 
Commission has stressed that the concept of ecosystem services needs to play an important 
role in habitat conservation (COM 2010a). As farming sustains a number of such services 
(Chapters 7, 8, 9), the linking of Natura 2000 management to the provision of ecosystem 
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services may offer opportunities for making farming viable again. In fact biodiversity 
management is an ecosystem service in itself (e.g. Hassan et al. 2004). 
 
2. 3 Financial opportunities for traditional farming: ecosystem services 
 
A) subsidies 
 
Subsidies provided by government to prevent the decline of traditional farming and to 
stimulate incentives for sustaining ecosystem services could be a (temporary) means to ensure 
an additional source of income to farmers (Chapter 7, Jansen 2007a, TEEB 2010). 
Nevertheless so far only very little financial support has been given to farmers in the Serra da 
Estrela, though this may be related to the relative unfamiliarity of the local farmers to subsidy 
schemes. During the RURIS program (2000-2006) a total of € 60,000 has been granted for 
agri-environmental measures to 12 applicants in 2005 over 116 ha, and 11 applicants in 2006 
over 136 ha within the zonal plan of Serra da Estrela (Agroges 2009). For the period 2007-
2013 the Portuguese rural development program PRODER provides a national budget of ca. € 
4.4 billion. In 2007, 77 Estrelean farmers and 17 representatives of the local commons applied 
for funding in the territorial integrated intervention zone (ITI) in Serra da Estrela covering 
less than 2,100 ha (PRODER 2007), This is less than 2 % of the total area. The amount of 
payments so far for Estrela (PRODER 2009), is still unknown but for the whole of Portugal 
slightly more than € 0.1 billion was remitted in 2007 (PRODER 2007). 
Other institutional arrangements are underway or already in place such as the forest 
intervention zones and the plans to use the natural resources of the commons (MADRP 2010a, 
MADRP 2010b). All the instruments of land-use planning such as the municipal, regional and 
special spatial planning include the rules for land-use stated by the so-called Sectoral Plan of 
the Natura 2000 network (ICN 2006). This provides instructions on how to handle the habitats 
and species that are protected by law (see also Box 3). 
In this respect, the forthcoming reform of the European Common Agricultural Policy (CAP) 
would, in combination with Natura 2000 be an opportunity to reconcile nature conservation 
and rural economic development in the Serra da Estrela and other European landscapes by 
providing financial support to sustain ecosystem services (Chapter 9). The question here is 
how the flow of financial support should be regulated on the ground, as subsidies from Lisbon 
or Brussels come from far away and may include large transaction costs. Another question is 
how support should be sustained because subsidies will need to be negotiated after expiration 
of the contract and are usually dependent on political decisions (e.g. PBL 2011), in other 
words the sustainability of systems of subsidies can be questioned.  
 
B) Market potentials 
 
The Portuguese National Strategic Plan Rural Development 2007-2013 notes „an endogenous 
development potential of the rural territories, within a new framework of broader functions, 
corresponding to new searches and new activities meanwhile valorised‟ (MADRP 2007). 
Compared to many other regions in Europe, where the conservation status of similar semi-
natural habitats is less favourable, it is clear that in the Serra da Estrela specific conditions, 
have supported the continuation of traditional farming. These are to be found in the interplay 
of territorial opportunities (based on topographical and geographical circumstances as 
described in Chapters 7 and 9) with both local and global socio-economic developments 
(Chapter 9). The marginal position in Portugal, the roughness of the mountain, the presence of 
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the textile industry, the facilitation of the latter by politic-administrative measures in historical 
times of crisis, and the remittances of emigrants are some examples (Chapter 9, Box 2). 
This sophisticated interplay of territorial opportunities with multi-scaled socio-economic 
developments and institutional arrangements, may provide the key to finding realistic ways 
for farming to continue, other than the granting of subsidies. Natura 2000 is often perceived as 
on the one hand a bundle of prohibitions and sanctions to modern farmers and other 
entrepreneurs and on the other as payment of taxpayer‟s money to farmers for „doing 
nothing‟. If Natura 2000 can provide the necessary flexibility to allow a sustainable 
exploitation of natural resources and if the traditional land-use system can play a new role in a 
multifunctional network of major stakeholders in the region, traditional farming may remain 
viable (Chapter 9, Jansen 2007a).  
 
  Ecosystem Services   
Economic Ecological Social 
Water (drinking) Biogeochemical cycling (C, P, N, etc.) Cultural diversity 
Water (irrigation) Water cycling Spiritual and religious values 
Water (energy) Primary production Knowledge systems 
Wind (energy) Photosynthesis Educational values 
Food Air quality regulation Inspiration 
Fibre Climate regulation Aesthetic values 
Timber Water purification and waste treatment Social relations 
Fuel Disease regulation Sense of place 
Genetic resources Pest regulation Cultural heritage values 
Biochemicals Pollination Recreation and ecotourism 
Natural medicines Natural hazard regulation (wildfires)   
Pharmaceuticals Biodiversity   
 
Table 2. Classification of ecosystem services mainly according to Shmelev (2011) and adapted from the 
Millennium Ecosystem Assessment (Hassan et al. 2005). 
 
The Serra da Estrela as a whole has to offer most of the ecosystem services listed in Table 2. 
The major contributions of traditional farming to these services include the provision of high 
quality food products, the protection against wildfires and related erosion, the provision of 
semi-natural habitats and associated agro-biodiversity, and the maintenance of most of the 
social ecosystem services (Chapter 7, 8, 9).  
The protection against wildfires should also be seen as indirect protection against landslides 
and blocked rivers and the avoidance of large CO2 emissions. Over the year 2003, in Portugal, 
CO2 emissions of forest fires exceeded those of the transport sector (Miranda et al., 2008). As 
a means of fire prevention, farming also indirectly reduces hazards for barrages of water 
storage reservoirs and impedes the destruction of roads, houses, and other infrastructure 
(Jansen 2007a). Moreover, traditional farming supports tourism since wildfires damage the 
aesthetic values of the landscape (Birot 2009). Most of these positive externalities of 
traditional farming so far have not or have scarcely, been rewarded in financial terms (Chapter 
7, 8, 9). The provision of food has always been the economic base of farming in the Serra da 
Estrela, but most of the other services can be seen as hitherto unvalued functions of farming. 
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If the above described merits are rewarded, traditional farming may become a realistic option 
for future management, and once again power the socio-economic engine of the Serra da 
Estrela. A possible mode to guarantee an income for farmers who maintain the ecosystem 
services may be found in the generation of financial means from all stakeholders who benefit 
from such services within the region. In order to facilitate the preliminary construction of such 
a mode, it is convenient to examine how natural resources were managed in the past and 
where these habitats were located. In the following section the traditional commons of the 
past are revisited (see also Box 3). 
 
2. 4 Natura 2000 as a ‘traditional common’ 
 
According to Hardin‟s famous paper „The Tragedy of the Commons‟, over-exploitation of the 
commons would seem to be the rule (Hardin 1968). The question therefore, can be posed as to 
whether future management should fall back on former property regimes, since until the end 
of the 19th century both land use and land ownership were the basis of a rather sound 
management system (Box 3). The classical example of Hardin may be applied to open access 
resources such as high seas fisheries, but in cases of restricted access, under a regime of social 
control and regulations such as used in commons, degradation does not necessarily happen 
(Box 3). In this respect there is no need to exclude commons from future arrangements. Also 
the suggestion that private ownership is per definition more efficient than common ownership 
is no longer accepted, as demonstrated by Dasgupta (2005, see also Schrijver et al 2011 
submitted).  
Comparing the land-ownership map with the map of Natura 2000 habitats (Box 3), it becomes 
evident that at least the majority of the open Natura 2000 habitats (both natural and semi-
natural) in the Serra da Estrela are located in the commons, which within the traditional 
farming systems were mainly used as outfields but which are now threatened with under-
exploitation. 
Most of the vegetation types described in this thesis are found on common land, some on land 
owned by the state and a few occur on private property (Table 1). Detailed data on 
landownership in relation to the occurrence of habitat types are not available and therefore 
landownership of many habitat type locations is unknown. However, based on the available 
information it can be concluded that also a major part of the habitat types for which Serra da 
Estrela is considered a relevant site in the Portuguese Natura 2000 network is situated in the 
commons (Box 3: Table 1). 
Typical traditional „common‟ Natura 2000 types include heathlands (4010, 4030, 4060) 
broom scrub (5120) and grasslands (6160, 6220* and 6230*). These types currently have all a 
favourable conservation status, except for 4010 which is due to the limited climatic conditions 
(Chapter 9: section 4.1). This shows that their outfield type of management under the 
common arrangements has been successful, at least from a biodiversity conservation 
perspective. Other Natura 2000 types in the common land area are more natural although they 
are all or nearly all modified by agro-pastoral land use such as bogs, fens, mires (7110*, 7120, 
7140) or rocky habitats and screes (8130, 8220 and 8310). All these types have also been 
subjected to an outfield type of land use and this type of land use may be continued by the 
commoners, but as types 7110*, 7120 and 7140 have an unfavourable conservation status 
(Appendix 3a) additional management is needed. The reasons why they have an unfavourable 
conservation status is only partly known and may also be related to new users of the 
commons, i.e. the tourism sector (Idea Verde 2010, Jansen 1997, 2002a, 2005c). 
 
2.5 Natura 2000 as a ‘new common’ 
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The traditional commons in the Serra da Estrela have provided and maintained important 
complexes of semi-natural and natural habitats. These not only provided a certain agricultural 
output, but also other social services (Chapter 8, 9). The commons have – in modern times – 
also become important to new groups of consumers and users (e.g. tourists, holidaymakers,, 
windfarms, water bottling companies). In that sense, the traditional commons maintained by 
farmers and shepherds, have become „new commons‟ with additional and new stakeholders 
(see also Bravo & De Moor 2008). 
The way to go forward is complex and separating the use of natural resources as a bundle of 
separate rights from property rights may bring some opportunities (Box 3, Ostrom & Schlager 
1996, Schrijver et al. 2011). The concept of „common land use‟ may be redefined as a 
multifunctional institutional arrangement in which property rights are refined to become a 
bundle of separate private and public use rights as proposed by Schrijver et al. (2011). Thus, 
an assessment should be made of what ownership systems can best prevent over- and under-
exploitation of the natural resources, including biodiversity.  
The objectives of nature conservation, land-users and land-owners will be a crucial factor for 
the kind of cooperation. 
An example of an existing „new common‟ arrangement is the Natura 2000 management of 
Narcissus pseudonarcissus subsp. nobilis (Annex II, IV), a species which has been discovered 
during preparatory fieldwork for this thesis (section 1). It is an example of how the private 
owner of the meadow where this Iberian endemic grows, cooperates with an NGO (Quercus) 
and the state (ICNB), both of which provide financial support to the owner (Moreira da Silva 
2006, Quercus 2011). In order to protect the largest population of this species in Portugal, a 
so-called micro-reserve has been installed. This is a concept developed in the Autonomous 
Community of Valencia in the early 1990‟s and has been implemented by law (Laguna et al. 
2004). There are other plans in the Serra da Estrela for a micro-reserve of Bruchia vogesiaca 
(Annex II), another rare species discovered during the preparatory fieldwork (Sérgio et al. 
1998). This species grows on common land and responsibility for the conservation status of 
this species lies with the state which will need the cooperation of the commoners. These kind 
of micro-reserve projects may also be developed with financial support from EU programs 
such as LIFE and are gaining increased interest in other member states of the EU (EC 2008). 
The nutrient-poor lakes of the upper zone (3130) and water courses throughout the area 
(related habitat types: 3260, 3270, 3280, 3290) are owned mainly by the state and in the „new 
common‟ their management may be financially supported by the energy company who has a 
financial interest in generating hydropower. In this respect management of habitats adjacent to 
the lakes and water courses such as 7140 and 6230* may also be partly supported by the 
energy company in the „new common‟ as well. 
The company which uses the area for tourism can be considered a recently arrived stakeholder 
in the „new common‟ and as such a partner to manage those habitats situated within the 
territory for which the company holds the exclusive rights to explore tourism, i.e. the area 
above 800 m altitude (Box 3 and section 2.6). In a similar way wind farm companies may be 
considered partners in the management of habitat types 4030, 6160, 8230 and the annex IV 
species Murbeckiella sousae which occur on common land exploited by wind farm companies 
(Box 2 and 3, section 2.6). 
These are only examples and depending on the situation cooperation opportunities between 
owners, users and those that are responsible for nature conservation should be weighed 
carefully on the basis of sufficient technological, ecological and socio-economic information. 
This is in order to prevent short-term individual gains, which in the long run leads to a loss for 
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the group as a whole (section 2.6). The question is who will make the decision in these 
matters, and whether the idea of a „new common‟ is realistic.  
 
2. 6 Natura 2000 and the new stakeholders 
 
When ecosystem services and other functions of the Serra da Estrela are viewed as a reservoir 
of common resources (Box 3), this will extend the number and the kind of stakeholders 
beyond the range of the traditional farmers, commoners, and authorities, to players such as 
energy companies, mineral water industries, tourist industries and food manufacturers. For 
instance traditional farming can be viewed as a system to maintain the open landscape and to 
largely avoid the outbreaks of wildfires. This serves the interests of all stakeholders. The 
energy companies profit from water and wind energies and can be served by aquatic biotopes 
and the Natura 2000 habitats of the windswept mountain ridges (Box 2). The mineral water 
industries and spas have economic interests in wells and springs. The tourism industry has 
interests in an attractive landscape and benefits from all the Natura 2000 habitats. The food 
industries and the retail sector have interests in high quality products and can benefit from the 
traditional agricultural use and the maintenance of semi-natural habitats. An example is the 
famous Serra da Estrela cheese, which is economically the most important variety of 
traditional cheese manufactured in Portugal (Macedo et al. 1993). The construction business 
has interest in a scenic and healthy environment (e.g. Jansen 2008b). 
In general most of the companies that are active in the region already take responsibilities for 
sustainable resource management including some who have an excellent international 
reputation in the field of sustainable management, i.e. Energias de Portugal (EDP) and Sonae 
Sierra (Dow Jones Sustainability Indexes 2011, The Green Thinker Award 2011). 
Newly evolving rural functions must be perfectly matched by bringing together stakeholders 
from various sectors that serve both public and private interests (Chapter 7 and 9). These 
modern stakeholders, including delegates of the commons, private land-owners, farmers, 
industrial companies, environmental NGO‟s, and local and national authorities may manage 
the natural (common-pool) resources and exploit the new opportunities of environmental 
services for the benefit of all. Sometimes large sums of private, corporate, and public money 
are involved as the tourism sector, the renewable energy sector, and the mineral water 
industry have all generated new opportunities for huge cash flows in the last decades (Box 2). 
It is important that multiple uses, as well as their costs and benefits are recognised and 
adjusted in the organisation of control over the ecological and economical resources, taking 
account of the equity of the existing, new and future common commodities. New competitive 
advantages of the region are assumed to be accelerated by the integration of information 
network clusters, a process that, following on from the regional foundation of higher 
education centers in the last decennia, has now come within reach of all stakeholders, i.e. 
traditional clusters such as the agro-food, textile and public sectors, and a set of emergent 
clusters that include bioscience, biotechnology, multimedia, tourism, health and knowledge 
(Leitão 2006). A major part of the products and services that are generated have public 
aspects and according to Lant et al. (2008) coordination of all stakeholders can be expected to 
obtain a higher total net benefit for all and thus prevent a social trap, i.e. obtain short-term 
individual gains, which in the long run leads to a loss for the group as a whole. 
Multiple use of the modern „commons‟ poses the problem of how such new and complex 
interactions should be governed (Andersson et al. 2009, Ostrom 1990). The question is 
whether current policies, laws, and institutions are sufficient to deal with the modern 
challenges of globalisation and new technology or whether they need to be revised in order to 
optimise the benefits for all relevant stakeholders without causing damage either through 
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over- or under-exploitation of the new commons. According to Constanza (2009) the 
government‟s role needs to be reinvented. In addition to regulating the private market 
economy, it has a significant role to play in expanding the „commons sector‟, that can 
propertise and manage non-marketed natural and social capital assets. 
Portugal has a large spectrum of policy instruments and the National Strategy for Nature 
Conservation and Biodiversity, which resembles the EU strategy of halting the loss of 
biodiversity (COM 2001, RCM 2001), is considered essential for a consistent integration of 
nature conservation policy and the principle of sustainable use of natural resources in overall 
policy planning including the various sectoral policies (ICNB 2009b). The European 
Commission in its post-2010 EU vision has concluded that there must be improved 
integration of biodiversity concerns and management of ecosystem services into other policies 
in Portugal and elsewhere in Europe (Chapter 1, COM 2010a). 
It can be argued that through the legal protection of biodiversity and the designation of areas, 
the Natura 2000 network has become one of the policy instruments to indirectly regulate 
externalities of the management of ecosystem services linked to biodiversity in designated 
areas. However the question is whether the plans to halt biodiversity loss and further loss of 
ecosystem services will be successful as there are different interests and different views 
among stakeholders and the public (Chapter 1: section 1.4). The installation of new 
democratic institutions that use various mechanisms (quota, restrictions on use, fees, tradable 
permits, taxation for income redistribution among stakeholders) to regulate the externalities of 
the commercial markets in order to prevent the loss of ecosystem services, may bring about 
another problem which, analogous with „the tragedy of the commons‟ (Hardin 1968), is the 
risk of a „tragedy of institutional services‟ or a „tragedy of political services‟, i.e. politicians, 
bureaucrats and lobbyists looking for self-interest and not necessarily for the interest of 
society as a whole, just as landowners in a free market put their land to the most rewarding 
use for themselves (Fuentes 2009). 
However, according to Lant et al. (2009) a minimum of institutions is necessary, if the 
externalities of land use are not to result in the accelerating degradation of natural capital and 
the consequent loss of ecosystem services. Constructed markets and new theories of property 
rights are worth exploring but it is acknowledged that they are not sustainable if they do not 
enjoy legitimacy in the political realm. According to Fuentes (2009) political institutions will 
solve some problems, worsen others, and create new ones. Whether they work better or worse 
overall than traditional voluntary markets is according to Fuentes (2009) an open, empirical 
question. 
This question is not answered in this thesis, but it is acknowledged that in order to make 
policies work, measures should be at the least understandable and acceptable to the public and 
therefore the authorities should provide transparent information to the voters. Education is a 
key-factor to success. Traditional sectoral approaches are no longer sufficient and a shift in 
mindset of all stakeholders is necessary to effect co-operation for the best performance for the 
entire area. 
 
2.7 Natura 2000 as a steady work in progress: the example of ecosystem districts 
 
It is a curious feature that the current collapse of traditional agriculture and animal husbandry 
in the Serra da Estrela and thus the decline of heathland and other valued semi-natural habitats 
seems inevitable at a time at which attempts are being undertaken (with the help of substantial 
subsidies) to restore reclaimed heathlands elsewhere in the EU to their previous state. 
Apparently, the elaboration of Natura 2000 as a categorical institutional arrangement at the 
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local level depends on the perceived need for action to take, the opportunities for action and 
available resources. Further investigation is needed here. 
An important question might be to what extent the Natura 2000 criteria should be based on 
fixed indicators, whereas - taking into account the changing socio-economic conditions and 
related landscape changes (Chapter 9) - it is inevitable that indicators may also change. In 
other words the question is whether both Natura 2000 legislation and regulation are finished 
doctrines or should be regarded as steady works in progress in which there is room for new 
approaches, for instance by linking the „new commonage‟ to biodiversity management and 
ecosystem services or to mitigation of climate change. 
In this regard the new commons can, just as the traditional commons did, flag up local 
problems and provide a forum to discuss local problems, suggest solutions, produce best 
practices, etc. in order to achieve local adaptation to socio-economic and climate changes. In 
turn, these local experiences, in particular „best practices‟, can be accessed by governance 
institutions at the national or European level. This approach would reinforce the EU policy to 
develop smart specialisation strategies for regional competitiveness and sustainable growth in 
2020 (COM 2010c). 
Furthermore, the classification of Natura 2000 habitat types may have to be made more 
flexible in order to adapt to new insights in phytosociology, both at the European and regional 
scale. Regional habitat variants as well as new (threatened) habitats at the European scale may 
need to be incorporated into the „maturing‟ system (Jansen 1997). Local types of Natura 2000 
habitats may for instance differ from the general type listed in the Habitats Directive and 
described in the related manual (EC 2007b). As a result, management according to prescribed 
general rules may fail if local ecological conditions, floristic composition and management 
practices are not taken into account. The concept of „typical species‟, which underlines this 
regional aspect, is already recognised by the European Commission as being essential for the 
implementation of the Habitats Directive (EC 2006).  
The effects of climate change can also vary per region and per habitat, which makes it 
necessary to develop tailor-made measures to counterbalance the effects at the regional scale 
(e.g. Jansen 2005c). 
According to Lant et al. (2008) in their publication „The tragedy of ecosystem services‟, 
potentially effective remedies against the loss of ecosystem services lie - besides in the 
evolution of the common law of property and in the reform of economic incentives - in the 
development of ecosystem districts. In fact Natura 2000 already recognises several 
biogeographical regions, but refinement of the current scale is recommended, as was also 
recognised under the Water Framework Directive where water catchment areas function as 
basic units. Refinement of these large Natura 2000 biogeographic regions is recommended 
especially in areas where endemic species and habitats are concentrated. Smaller tailor-made 
units that better express optimal biodiversity potentials and in which biodiversity management 
and management of ecosystem services operate at the proper scale are needed (Jansen 2009c); 
an example of such a unit is formed by the proper phytogeographic district Serra da Estrela 
(Rivas-Martínez & Saenz de Rivas 1979, Costa et al 1999, Jansen 2002a, Rivas-Martínez 
2004). 
 
3. General conclusions 
 
This thesis shows that investment in extending knowledge concerning Natura 2000 habitats is 
worthwhile and that ecology in general and taxonomy and phytosociology in particular are 
important disciplines within this process. It brings about new knowledge for Portugal and 
science on constituents of at least six habitat types in Portugal. It also demonstrates that other 
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disciplines particularly the social sciences can add important information on the interplay of 
socio-economic and political administrative developments with the management of ecosystem 
services and the conservation of habitats and species. It is highly recommended that the 
investigation of the remaining habitats is initiated as important parameters of these habitats 
remain assessed as „unknown‟. Improving the reliability of the method to assess the 
conservation status of Natura 2000 habitat types is also highly recommended. 
This thesis has achieved new knowledge concerning at least nine different habitat types in the 
study area, of which two occur within Portugal exclusively in the Serra da Estrela. Further 
information has been acquired on ownership, distribution and associated land use, all of which 
are required for an adequate conservation status assessment. These new data have been 
combined with existing information in order to assess the conservation status of all Natura 2000 
habitat types reported for the Serra da Estrela. The result shows that in general the Serra da 
Estrela has a higher percentage of habitats with a favourable conservation status than in Europe 
as a whole. Those figures for habitat types dependent on agricultural management show that the 
differences between the Serra da Estrela and Europe as a whole are even bigger. An explanation 
as to why these percentages are still favourable is provided and why a drastic drop in these 
figures can be expected in the future under the changing circumstances, including the virtual 
disappearance of traditional farming and the increase of wildfires. From the results of the 
second part of this research it is concluded that the maintenance of farming strategically 
combined with natural forest development, is expected to be the best means of maintaining and 
where needed improving the conservation status of all habitat types in the Serra da Estrela. It 
can be concluded that under the present societal conditions subsidies are needed in order to 
continue farming and to start forest restoration but that, in the long term without a socio-
economic basis, there is no future for this scenario. A preliminary model is proposed as a 
possible solution to reconcile biodiversity conservation with the economy. This model, which 
may also be used in other Natura 2000 sites with similar problems, suggests the valorisation of 
ecosystem services, and the revaluation of the commons. This preliminary model of Natura 
2000 as a „new common‟ is discussed taking into account the co-operation of private and public 
stakeholders. The design of „eco-districts‟ is recommended, since biodiversity, ecosystem 
services potentials, as well as global changes in climate and in socio-economics, all have 
different ramifications in situ, and ask for tailor-made measures at a regional scale. 
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List of acronyms 
AEFA  Asociación Española de Fitosociología 
ALFA  Associação Lusitana de Fitossociologia 
ASA  Associacão dos Amigos da Serra da Estrela 
CAP  Common Agriculture Policy 
CIRCA Communication & Information Resource Centre Administrator 
COM  Communication from the EC to the European parliament 
CSIC  Consejo Superior de Investigaciones Científicas 
EC   European Commssion 
EEA  European Environment Agency 
EESC  European Economic and Social Committee 
EIONET European Environment Information and Observation NETwork 
ELO  European Landowners Organisation 
EPBRS European Platform for Biodiversity Research Strategy 
EREC  European Renewable Energy Council 
ERM  Environmental Research Management 
ETC/BD European Topic Centre on Biological Diversity 
ICN   Instituto da Conservação da Natureza  
ICNB   Instituto da Conservação da Natureza e da Biodiversidade 
IGM  Instituto Geológico e Mineiro 
IGP  Instituto Geográfico Português 
INE  Instituto National de Estatística 
INEGI  Instituto de Engenharia Mecânica e Gestão Industrial 
IGC  Instituto Geográfico e Cadastral 
ISA  Instituto Superior de Agronomia 
IUCN  International Union for Conservation of Nature 
LPN  Liga para a Protecção da Natureza 
MADRP Ministério da Agricultura, do Desenvolvimento Rural e das Pescas 
MAOT Ministério do Ambiente e do Ordenamento do Território 
MCOTA Ministério das Cidades, Ordenamento do Território e Ambiente 
PBL  Planbureau voor de Leefomgeving 
PBEPH Programa Nacional de Barragens com Elevado Potencial Hidroeléctrico 
PKN  Plantensociologische Kring Nederland  
PNSE   Parque Natural da Serra da Estrela 
PRODER Programa de Desenvolvimento Rural 
RCM  Resolução do Conselho de Ministros 
REP   Rural European Platform 
SAC  Special Area of Conservation  
SCI  Site of Community Importance (Habitats Directive) 
SPA  Special Protection Area (Birds Directive) 
TEEB  The Economics of Ecosystems Biodiversity 
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Summary 
Managing Natura 2000 in a changing world: The case of the Serra da Estrela 
The issue 
The Birds Directive and the Habitats Directive have been set up by the EU to act as a basic 
legislative framework and institutional arrangement to protect nature in Europe. These 
directives enable the establishment of Natura 2000, a network of protected areas across the 
European Union. Natura 2000 has become the largest coherent network of protected areas in 
the world yet despite numerous legislative measures and other actions to preserve nature, 
biodiversity continues to decline in Europe. The promise made by the European Commission 
in 2001 to stop biodiversity loss could not be honoured. Under Article 17 of the Habitats 
Directive, Member States must submit information every six years to the Commission on how 
the Directive is being implemented. For the reporting period 2001 to 2006, Member States -
for the first time - provided detailed assessments on the conservation status of those habitat 
types and species listed in the Directive found within their territory (ETC/BD 2008a). The 
outcome was that only 17 % of the listed habitats and species had a favourable conservation 
status. Those habitat types associated with agriculture had an even worse conservation status, 
with only 7 % of the assessments being favourable, compared to 21 % for ‘non-agricultural’ 
habitats. In the Mediterranean region, only 3% of the habitat types associated with agriculture 
had a favourable conservation status. However, the situation in the Mediterranean region is 
complicated by the very high percentage of assessments in countries such as Spain, Greece 
and Portugal reported as ‘unknown’. According to the European Commission it is necessary 
to establish a scientific baseline which fills the knowledge gaps regarding these habitats and 
species (COM 2010a). 
Given the fact that the Commission was unable to live up to its promise to stop the decline of 
biodiversity, the question arises whether it ever will be able to achieve the objectives of 
Natura 2000. The Commission is therefore looking for new ways to reach its goals in the 
future. It recognises the need for an effective governance framework and an approach on 
several scales and it wishes to focus more on the concept of ecosystem services (COM 
2010a). The importance of this issue is shown by an estimate that under a ‘business as usual’ 
scenario, natural capital loss would lead to a yearly loss of terrestrial ecosystem services 
(without wetlands and marine environments) worth about € 50 billion, while by 2050 the 
cumulated welfare losses were estimated equivalent to 7% of GDP (Braat & Brink 2008, 
COM 2009a). 
Aim 
This thesis addresses the question of how to achieve the objective of the Habitats Directive 
and honour the promise of the European Commission to halt the loss of biodiversity by 
focusing on two major issues. The first (1) is about clarifying gaps of knowledge of the 
habitats with extra attention being paid to habitats associated with agriculture. The second (2) 
is about how habitats and species in Natura 2000 sites may be maintained under changing 
socio-economic conditions by acknowledging the importance of ecosystem services, 
including their economic, ecologic and social dimensions. 
 
The Approach 
 
In order to fill knowledge gaps and seek answers as to how Natura 2000 may be managed 
without the loss of biodiversity and other ecosystem services, this thesis explores the 
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underlying mechanisms in a specific study area in Portugal. This area is the Serra da Estrela, 
which for the most part has been designated as a Natura 2000 area. This site is insufficiently 
documented and one of Europe's biodiversity hotspots as one of the few remaining Western 
European landscapes, still relatively intact and supporting a multitude of both natural and 
semi-natural habitat types. 
The first major issue, i.e. filling knowledge gaps with regard to Natura 2000 habitat types (1), 
is approached in the classic way of ecology. The investigation focuses on species, on 
vegetation, and on the landscape. The major disciplines used are within the conventional field 
of natural sciences such as classification science (taxonomy, syntaxonomy), climatology, 
geology, soil science, and hydrology. Floristic composition, syntaxonomy, synecology, and 
consistent use of vegetation types are investigated and translated into Natura 2000 habitat 
types. In particular five vegetation classes are selected for further analysis. These classes were 
chosen because they represent groups of terrestrial and aquatic habitats of both natural and 
semi-natural habitat types. Moreover, the five classes and the associated habitat types (at least 
seven in number) are well developed in the study area. These habitat types are associated with 
four of a total of seven inland habitat groups which are distinguished in the Habitats 
Directive. In brief (and followed by the codes of the habitat types) these may be described as: 
‘Freshwater habitats’ (3130, 3170*), ‘Temperate heath and scrub’(4030, 4060, 4090), 
‘Sclerophyllous scrub’(5120), and ‘Rock habitats and caves’ (8130). 
The second major issue, i.e. finding new ways to sustainably manage Natura 2000 areas (2), is 
tackled by trying to identify the impacts of the major historical, current and anticipated land-
use systems on Natura 2000 habitat types in the area. At the same time the physical-
geographical, socio-economic and political-administrative context in which these land-use 
systems could develop is studied. In this way the focus of the investigation shifts from the 
natural sciences to the field of social sciences (archaeology, history, geography, demography, 
economy, sociology, and political science). For the different disciplines available data differ 
widely in the detail of information but together they may nonetheless contribute to a better 
understanding of the interactions between the regional ecosystem, the economy and the 
increasingly complexity of the governance. This approach may bridge differences between 
contrasting sectoral perspectives in relation to Natura 2000 sites, for example between an 
exclusively ecological vision and an exclusively economic view. 
With the information obtained from the research on (1) and (2) and in combination with 
already existing information, the conservation status of habitat types in the Serra da Estrela is 
assessed. Subsequently the means and opportunities are formulated to maintain, and where 
necessary, improve their conservation status. 
Structure 
The first five papers (Part 1: Chapters 2 to 6) deal with the first issue. Chapter 2 examines the 
taxonomic status of one new plant species addition to the flora of Portugal, as well as its 
ecology, origin, conservation. The next four chapters are separate surveys of the following 
vegetation classes: Pino-Juniperetea (Chapters 2, 3, 4), Calluno-Ulicetea (Chapter 4), 
Thlaspietea (Chapter 5), Isoëto-Littorelletea (Chapter 6) and Isoëto-Nanojuncetea (Chapter 
6). 
The following three papers (Part 2: Chapters 7 to 9) deal with the second issue. Chapter 7 is a 
preliminary exploration of the vegetation history, the evolution of the open landscape, the 
main threats to biodiversity and possible solutions for conservation. Chapter 8 expands on the 
traditional land use and subsequently succinctly unfolds how farmers and shepherds can play 
a role in preserving the landscape, the semi-natural biotopes and the related cultural aspects 
within a large Natura 2000 area such as the Serra da Estrela. Chapter 9 presents an assessment 
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of the conservation status of habitat types in the Serra da Estrela and compares the situation 
with the European Union as a whole. It explains why, in the light of Natura 2000 goals, 
traditional agriculture and livestock cannot be abandoned and cannot be replaced by 'doing 
nothing'. In addition this chapter shows how sources of income may be generated in order to 
continue these traditional land uses so that the requirements of the Habitats Directive may be 
met in a sustainable way. 
At appropriate points between the chapters three boxes with background information have 
been added in order to place the papers in a broader context. The first box characterises the 
geobotanical heritage of the Serra da Estrela. The second box describes the history of land 
use, culture, socio-economic and political-administrative events since the Last Glacial and 
their impacts on the landscape and biodiversity. Box 3 deals with land ownership and land 
management, particularly of the baldios or commons as they are called in English. 
Chapter 10 (Part 3) is the synthesis of this thesis. It integrates the information from the 
previous chapters and boxes and provides major conclusions and recommendations for further 
research. It discusses the two major issues of the thesis, i.e. the lack of knowledge regarding 
Natura 2000 habitats (with emphasis on semi-natural habitats) and the integration of the 
concepts of ecosystem services in the management of a Natura 2000 area affected by changes 
in socio-economic conditions, such as the Serra da Estrela. In section 1 knowledge gaps with 
respect to Natura 2000 habitats are discussed. In the first subsection some taxonomical issues 
are discussed and in the second subsection syntaxa and Natura 2000 habitat types. In the third 
subsection the implications of the present study for the assessment of the conservation status 
of Natura 2000 habitat types are reviewed. In section 2 the management options for Natura 
2000 sites under changing socio-economic conditions are discussed in seven subsections: 
whether to take continue active management or not (2.1), the need to continue farming (2.2), 
financial opportunities to farmers (2.3), Natura 2000 as a traditional common (2.4), Natura 
2000 as a modern common (2.5), the new shareholders (2.6), and Natura 2000 as a work in 
progress as exemplified by ecosystem districts (2.7). The last section (3) draws general 
conclusions. 
 
Conclusions 
 
Knowledge contributions to Natura 2000 habitat types 
 
From the analysis of only a small selection of five of the 44 vegetation classes reported for the 
study area, it becomes clear that both the number of plant communities and species are higher 
than was previously known. The processing of 459 vegetation relevés made during fieldwork 
directly related to Chapters 2 to 6, supplied both species and plant communities that were 
formerly unknown in Portugal, or even to science. Table 1 (Chapter 10) gives an overview of 
all 21 syntaxa distinguished in the analysis in this thesis and indicates the extent of 
information made available. All syntaxa contribute to a better knowledge of Natura 2000 
habitats. In total nine types of Natura 2000 habitats are involved. The research has filled 
knowledge gaps regarding habitat types with implications at three scales: local, national and 
European. The overview of the vegetation of Portugal and of Europe can be extended with 
three new associations, three new subassociations, and five new rankless vegetation types 
(mostly basal communities). The information collected has also extended our knowledge of 
previously described vegetation. The deductive method of Kopecký & Hejný (1978) for 
describing basal communities was applied for the first time in Portugal and contributed 
greatly to the definition of habitat types. As a result of the information made available by this 
thesis the efficiency of the conservation status assessment can be expected to improve in 
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future with respect to nine Natura 2000 habitat types with the codes: 3130, 3170*, 3260, 
4030, 4060, 4090, 5120, 6160, 8130. 
The vascular plant flora of Portugal can be expanded with two species which have been 
confirmed, one of which is new to science (Chapter 2, 5, 10). The bryophyte flora of Portugal 
can be expanded with eight confirmed species, the lichen flora with three, and the fauna with 
one confirmed breeding bird species. At least six vascular plants, and one moss species awaits 
confirmation by taxonomic specialists. All the aforementioned species are listed with 
references in Chapter 10 (section 1.1). 
During the general preparatory fieldwork preceding the selection of the five vegetation 
classes, an even larger number of species unknown for Portugal, the Iberian Peninsula or to 
science have been identified and confirmed by cooperating taxonomic specialists. These 
findings indicate that it is advisable to include cryptogams in relevés. It has also been 
demonstrated that the bryophytes and lichens can play an important role in the recognition 
and demarcation of certain vegetation types to higher syntaxonomic levels and therefore in the 
classification of certain Natura 2000 habitats. A broad botanical approach is therefore 
recommended in the pursuit of vegetation research on unresolved questions in connection 
with all of the habitat types in Serra da Estrela. Such an approach is urgently needed as 
according to Article 17 of the Habitats Directive, the assessment of habitat types needs to 
improve in the next report to the European Commission in 2013. Cooperation with wildlife 
specialists will be needed in the future in order to select 'typical species' associated with 
Natura 2000 habitat types, as is required for an adequate assessment of the parameters. In this 
respect the description of habitat type '5120 Cytisus purgans mountain formations‟ on which 
the Bluethroat possibly depends may be seen as a preliminary step in this direction (Chapter 3 
and Chapter 10: section 2.1). 
The second part of the thesis provides particular insight into the main land uses with a view to 
possible future scenarios, which may be relevant to assessing the parameters 'Structure and 
Functions‟ and „Future Perspectives on habitats‟ as required by the Habitats Directive. 
By combining the collected information from the previous chapters with existing information 
it can be concluded (Chapter 9) that the average conservation status of 40 Natura 2000 habitat 
types in Serra da Estrela is high when compared to the overall situation in Europe. The semi-
natural types that depend on extensive agriculture are in even better condition than in the EU 
as a whole. The total percentage of all 40 habitat types in the Serra da Estrela which have a 
favourable conservation status is estimated at 32.5 %, which is almost twice as much as the 17 
% of the 216 types in Europe, reported to the European Commission. 
The comparison of the nine semi-natural habitat types in the Estrela with their situation in the 
rest of Europe makes a difference in favourable conservation status of 55.5 % to 0 %. That 
difference would be even more pronounced if habitat types 4060 and 5120 were added to the 
53 habitat types in the „Revised list of habitats of Annex I of the habitats that depend on, or 
associated with extensive farming‟ of the European Environment Agency (as recommended in 
this thesis). Given the favourable figures for semi-natural habitat types in the Serra da Estrela 
in comparison to the overall situation in Europe it is therefore recommended that the 
relatively intact agricultural landscape of the Serra da Estrela should serve as an outdoor 
„laboratory‟. In this „laboratory‟ many functional relationships still exist at the species, 
landscape and community level. These can be studied in situ, and could be useful as a model 
for restoration projects in degraded and fragmented landscapes elsewhere in Europe. 
It can be expected that the favourable figures could be boosted even higher if remedial action 
is taken on those Natura 2000 forest habitat types in the Serra da Estrela that have an 
unfavourable conservation status. At the same time the economic basis for the continuation of 
traditional agriculture has virtually disappeared. As a result a drastic decrease can be expected 
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in favourable rates of the semi-natural habitat types traditionally maintained by farming. 
Moreover, in the absence of traditional agriculture an additional decline in the favourable 
conservation status of natural habitat types is expected, as will be explained in the next 
section. 
 
The continuation of agriculture in combination with restoration of forest types as a means to 
manage Natura 2000 habitat types. 
 
A comparison of the main forms of land use with the associated Natura 2000 habitat types and 
the plant species listed in Annex II, IV and V of the Habitats Directive suggests that a mosaic 
of natural ecosystems, combined with semi-natural ecosystems maintained by traditional 
farming, will offer the best option for the conservation of all Natura 2000 habitat types and 
Annex II, IV and V plant species in the Serra da Estrela (Chapter 9). 
Currently, the socio-economic basis for traditional agriculture has virtually disappeared and 
thus the conservation status of the associated semi-natural habitats will ultimately deteriorate 
with the end result that the Natura 2000 objectives will not be met. Moreover, there are strong 
indications that both the occurrence of scrub and an increase in forest wildfires resulting from 
the cessation of traditional agricultural activities, also currently threaten natural habitats, 
which had initially been assumed to have their conservation status unrelated to traditional 
farming. In just the period from 1990-2009 over 650 km2 were burnt (Chapter 9). Indirectly, 
heath and forest fires are favoured by factors such as afforestation (mainly light-flammable 
conifers), dry climatic conditions and biomass accumulation in outfields as a result of the 
cessation of traditional farming. In Portugal the dry climatic conditions have increased and are 
expected to further increase in the future. It has been established that wildfires have become 
the dominant factor in landscape change in the Serra da Estrela and that they also seriously 
affect the socio-economic system. The conclusion is that continuation of traditional 
agriculture combined with natural forest development in suitable areas may be both the most 
suitable option as a preventive measure against the spread of wildfires and the best option for 
complying with the Natura 2000 objectives for both the natural and semi-natural habitat types.  
It is clear that maintenance of traditional agriculture and restoration of natural forest types 
requires funding to be available for management agreements. This can also be seen as an 
investment in sustainable rural development. So far, EU plans have failed to halt the loss of 
biodiversity and further loss of ecosystem services. This suggests that in the long term 
institutional arrangements alone are probably not an appropriate solution to halt the decline. It 
is expected that the success of any scheme to stimulate the valuation of ecosystem services 
will depend on the economic viability of the sustainable use of natural resources. 
This thesis searches the past in order to find clues to make agriculture and livestock 
husbandry economically successful once again (Chapter 9 and Box 1 and 2). It is shown that 
traditional agriculture (including the production of food and wool) has been the fundamental 
pillar of the regional economy for centuries. Until recently, traditional agriculture was still 
practiced in the Serra da Estrela, whereas in other parts of Europe, comparable agricultural 
types of land use had ceased to be of economic importance at the end of the 19th or first half 
of the 20th century. One of the reasons for such practices continuing is that in mountainous 
areas such as the Estrela it was not possible to „improve‟ the heathlands and turn them into 
highly productive grasslands such as in the more level parts of Europe (the 'more favoured 
areas‟). 
Admittedly, by expanding the terraces on the slopes and improving the irrigation systems, 
production could be slightly increased, but in addition to this other special conditions existed 
which enabled the traditional agricultural and livestock system to continue long after it had 
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been abandoned elsewhere in Europe. These are found in the interplay of opportunities 
provided by local biological and physical-geographical conditions with both local and global 
socio-economic developments. Indeed, the roughness of the mountain, its marginal position in 
Portugal, the presence of a textile industry encouraged by political and administrative 
measures in historic times of crisis, the associated increase in population density which at the 
same time provided extra labour on the land and stimulated the expansion of subsistence 
agriculture to market-oriented agriculture, as well as emigrants' remittances, played a part. 
The historical examples show that the key to successful continuation of traditional agriculture 
lies in the ability of farmers, shepherds and others who have interests in the region, to over the 
years, make use of, the opportunities created by a mutually tuned interplay of changing socio-
economic and political-administrative conditions, at both the national and global level. 
The expropriation by the state of the common pastures for the introduction of forestry is an 
example of a limited sectoral approach which is not recommended. The appropriation started 
in the Serra da Estrela and the Serra do Gerês at the end of the 19th century as a response of 
the authorities to the national economic decline in mountain areas. In the event, the 
implementation of forest policy directly provoked social unrest and years later indirectly 
contributed to the outbreak of wildfires right up to the present day. 
To make farming once again economically viable it is suggested that (based on past 
experience), a fundamental change in thinking is required to achieve the cross-sectoral 
collaboration of all stakeholders at regional, national and global levels. Opportunities to re-
link agriculture to current economic activities in other sectors, may perhaps be found by 
linking the management of Natura 2000 to the provision of those ecosystem services 
maintained and nurtured by farmers. More specifically, when wildfires continue to threaten 
the economic interests of most stakeholders in the region, new opportunities for the region can 
be created through valuing the bundle of ecosystem services provided by the designated 
Natura 2000 site. Until comparatively recently the Natura 2000 site and its associated 
ecosystem services had been largely managed by traditional farmers and herders without them 
being rewarded for these services. 
 
Natura 2000 as a ‘new common’? 
 
We can conclude that in the Serra da Estrela the commons have proven to be successful in the 
supply of semi-natural habitat types and many social services. The commons, intentionally or 
unintentionally, managed to maintain various natural habitats through the centuries, although 
past over-exploitation has resulted in the disappearance of almost all natural forests. In this 
context, both the 'good' and the 'bad' experiences of these traditional commons, can provide 
pointers to future management and multiple use of Natura 2000 by a range of parties and the 
interaction with public and private landowners. Since a significant proportion, if not a 
majority, of the Natura 2000 habitats in the Serra da Estrela can be found within land used 
primarily as common outfield and managed by the commoners, the question arises as to 
whether Natura 2000 in these commons cannot be managed accordingly in the future. 
Yet differing proportions of the Natura 2000 habitat types are located on present-day private 
and public land, resulting in the emergence of a different question, namely whether the use of 
natural resources as a bundle of separate rights free from property rights would not also 
provide a number of opportunities for the management of Natura 2000. This thesis cannot 
give definitive answers to this question, but can present a number of options for further 
research. 
A vision is unfolded in which modern stakeholders appreciate the traditional farmers as allies 
in the management of natural and semi-natural resources provided these players make use of 
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the new opportunities of the ecosystem services approach and are prepared to exploit them for 
the benefit of all citizens. In this way Natura 2000 could be considered a „new common‟. 
The example of the Serra da Estrela underlines the importance of re-evaluating traditional 
agriculture, livestock breeding and the commons, of which the latter has widely disappeared 
in Europe leading to a decline in biodiversity, as well as other ecosystem goods and services 
that benefit the public. The example of the Serra da Estrela also demonstrates that the Natura 
2000 network can be a step towards halting the loss of biodiversity, provided that the outcome 
of the interplay of economic, political-administrative and climatic conditions is consistent 
with the objectives of Natura 2000. Since these conditions are subject to change, it is 
proposed that Natura 2000 cannot stay inert, but should be prepared to anticipate and respond 
to the various changes, both at a regional and a wider scale. In this context, the „new Natura 
2000 commons‟, as did the traditional commons, should identify and discuss local problems, 
propose solutions, provide best practices, etc. to be able to achieve local sustainable 
adaptation to new insights and developments in global climatic and socio-economic scenarios. 
These local experiences may be used by government institutions at a national or European 
level in order to extract information to adequately address the changing technological, 
environmental, social and economic conditions. Natura 2000 could function as a common 
engine for local socio-economic sustainable rural development and so bring a balance 
between local needs within the Natura 2000 site and others from outside including urban and 
European needs for biodiversity and related ecosystem services. These services include the 
positive externalities of traditional agriculture and the new externalities of natural forest 
development, such as carbon sequestration, soil formation and retention, climate control, 
water- and nutrient-cycle regulation, biodiversity, recreation facilities, etc. 
It is recommended that the classification of the Natura 2000 habitat types should be 
elaborated and adapted to the latest developments in phytosociology, both at European and 
regional scale. Regional variants of habitat types listed in Annex II of the Habitats Directive, 
as well as other (endangered) habitat types on a European scale which are not listed can thus 
be proposed for inclusion in the Natura 2000 system. As the effects of climate change may 
vary between regions and habitats, tailor-made measures are necessary in order to counteract 
the effects on a regional scale. For example, the extraordinary geographical situation of the 
Serra da Estrela as the most south-westerly high mountain in Europe is of crucial importance 
in understanding the ecological behaviour of Natura 2000 habitat types under climate change. 
Refinement of the Natura 2000 biogeographic regions in smaller units is proposed, especially 
in areas where endemic species and habitat types are concentrated. The spatial units in which 
nature conservation is practiced and within which ecosystem services are managed, may be 
more capable of reaching the optimal potential of delivery of biodiversity. The proper 
phytogeographical district of the Serra da Estrela could be an example of such refinement. 
It is not yet known how the new approach of Natura 2000 as a „modern common - in the sense 
of all stakeholders, both private parties, governments, and citizens cooperating as allies in 
changing assemblies - will work out for the future of the natural resources and the 
regeneration of ecosystem services. It may be the most effective way to optimally manage the 
complexity of the Serra da Estrela Natura 2000 site, and other such robust regional Natura 
2000 sites elsewhere in Europe under the new socio-economic conditions. 
 
The thesis in thirteen steps 
 
Outlining this study in thirteen steps, it can be stated that: 
 
219
Summary
220 
 
(1) phytosociological research fills knowledge gaps regarding Natura 2000 habitat types, 
making their conservation status assessment more reliable and making the responsible 
managers more aware of the value of the assets which they ought to manage; 
 
 (2) the total percentage of all 40 habitat types in the Serra da Estrela with a favourable 
conservation status is estimated at 32.5 %. This is almost twice as much as the 17 % of all 216 
types in Europe reported to the European Commission; 
 
(3) for the nine semi-natural Natura 2000 habitat types in the Serra da Estrela dependent on 
extensive farming this percentage is estimated at 55.5 %, which is an even starker contrast 
with 0 % of these nine types in the EU as a whole; 
 
(4) a mosaic of semi-natural habitat types in combination with natural habitat types will offer 
the best opportunities to meet all Natura 2000 goals; 
 
(5) the habitat types of interest mainly lie in the commons which were used and maintained by 
farmers and shepherds;  
 
(6) in general all habitat types in the Serra da Estrela are best protected by traditional 
agriculture; 
 
(7) the natural habitat types can be improved in combination with natural forest development, 
if only the management is well organised; 
 
(8) the economic base of traditional agriculture has disappeared and with it the best long term 
secure protection of the habitat types; 
 
(9) grants may certainly contribute to the Natura 2000 goals but in the longer term 
management of Natura 2000 can ultimately only be efficient if there is a socio-economic 
pillar for it; 
 
(10) by examining the historic aspects of vegetation, land use and organisation of the area 
new approaches can be formulated to reconcile the demands of nature management with new 
forms of land use and organisation in a changed and changing world; 
 
(11) therefore, Natura 2000 would be better considered a work in progress than a fully 
developed doctrine; 
 
(12) regarding the concept of Natura 2000 as a 'modern commons' with new stakeholders, a 
step has been taken in a possibly successful new approach to exploit the natural resources and 
associated ecosystem services in a sustainable way and with it to recover the socio-economic 
basis of traditional agriculture; 
 
(13) this new mode needs much study involving many disciplines.  
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Sumário 
A gestão da Rede Natura 2000 num mundo em mudança: O caso da Serra da Estrela. 
A Questão 
A Directiva Aves e a Directiva Habitats foram criadas pela UE como quadro legislativo 
básico e disposição institucional para a protecção da natureza na Europa. Estas directivas 
permitiram o estabelecimento de uma rede de áreas protegidas em toda a União Europeia, a 
rede Natura 2000. No entanto apesar de ter tornado na maior rede coerente de áreas protegidas 
no mundo, e apesar de numerosas iniciativas legislativas e de outras acções para preservação 
da natureza, a biodiversidade continua em declínio na Europa. O compromisso afirmado pela 
Comissão Europeia em 2001, de parar a perda de biodiversidade não pode ser cumprido. Nos 
termos do artigo 17 º da Directiva Habitats, os Estados-Membros devem, a cada seis anos, 
submeter informação à Comissão sobre a forma como a directiva está a ser implementada. No 
que diz respeito ao período 2001 a 2006, e pela primeira vez, os Estados-Membros 
forneceram avaliações detalhadas relativas ao estado de conservação dos tipos de habitats e 
espécies listados na Directiva presentes no seu território (ETC / BD 2008a). O resultado foi 
que apenas 17 % dos habitats e espécies listados possuía um estatuto de conservação 
favorável. No que respeita aos tipos de habitats associados à agricultura os resultados foram 
ainda piores com apenas 7 % de avaliações favoráveis, contra 21 % para os habitats “não-
agrícolas”. Na região Mediterrânica, apenas 3 % dos tipos de habitats associados à agricultura 
teve um estatuto de conservação favorável. A situação na região Mediterrânica é complicada 
pela percentagem muito elevada de avaliações, na categoria de “desconhecido”, em países 
como Espanha, Grécia e Portugal. De acordo com a Comissão Europeia é necessário o 
estabelecimento de um conhecimento científico de base que permita suprir as lacunas de 
conhecimento sobre estes habitats e espécies (COM 2010a). 
A questão que surge, pelo facto de a Comissão não ter podido cumprir o compromisso de 
parar o declínio da biodiversidade, é se alguma vez os objectivos da Rede Natura 2000 
poderão ser atingidos. A Comissão está, portanto, em busca de novas formas de atingir os 
seus objectivos no futuro, reconhecendo a necessidade de um quadro de governação eficaz e 
de uma abordagem em diversas escalas centrada no conceito de serviços dos ecossistemas 
(COM 2010a). A importância desta questão é demonstrada por uma estimativa de que, sob um 
cenário de “negócios como de costume”, a perda de capital natural levaria cada ano a uma 
perda dos serviços dos ecossistemas terrestres (sem incluir as áreas húmidas e ambientes 
marinhos) no valor de cerca de 50 biliões de Euros, enquanto em 2050 o valor acumulado 
estimado das perdas de bem-estar é equivalente a 7 % do PIB (Braat & Brink 2008, COM 
2009a). 
 
Objectivo 
Esta tese aborda a questão de como alcançar o objectivo da Directiva Habitats honrando o 
compromisso da Comissão Europeia de travar a perda de biodiversidade, concentrando-se em 
duas grandes questões. A primeira (1) consiste no esclarecimento de lacunas de conhecimento 
relativas aos habitats, particularmente aos habitats associados à agricultura. A segunda (2) 
incide sobre como podem ser mantidos os habitats e espécies em sítios da rede Natura 2000, 
num quadro de mudança das condições socioeconómicas, reconhecendo a importância dos 
serviços dos ecossistemas, nas suas dimensões económicas, ecológicas e sociais. 
 
A Abordagem 
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A fim de preencher as lacunas de conhecimento e procurar respostas acerca da forma como a 
Natura 2000 pode ser gerida sem perdas de biodiversidade e de outros serviços dos 
ecossistemas, esta tese explora os mecanismos subjacentes numa área de estudo específica em 
Portugal. Esta área é a Serra da Estrela, maioritariamente incluída na Rede Natura 2000. Este 
sítio está insuficientemente documentado sendo um dos hotspots da biodiversidade da Europa 
e uma das poucas paisagens ocidentais europeias remanescentes, ainda relativamente intacta 
incluindo uma multitude de habitats naturais e seminaturais.  
A primeira grande questão, i.e. o preenchimento de lacunas de conhecimento no que diz 
respeito aos tipos de habitats (1) da Rede Natura 2000, é abordado na forma clássica da 
ecologia. A investigação centra-se na espécie, na vegetação e na paisagem. As principais 
disciplinas incluem-se no campo das ciências naturais convencionais, tais como a taxonomia 
(incluindo a sintaxonomia), climatologia, geologia, pedologia e hidrologia. 
A composição florística, sintaxonomia, sinecologia, bem como a utilização consistente dos 
tipos de vegetação, são aspectos investigados e traduzidos para os tipos de habitat da Natura 
2000. Foram seleccionadas para análise posterior cinco classes de vegetação em particular, , 
por representam grupos de habitats terrestres e aquáticos naturais e seminaturais. Além disso, 
as cinco classes e tipos de habitats associados (pelo menos sete) apresentam-se claramente 
representados na área de estudo. Estes tipos de habitat estão associados a quatro de um total 
de sete grupos de habitats terrestres que se distinguem na Directiva Habitats. Sucintamente 
podem ser descritos (incluindo códigos dos tipos de habitats) como: "habitats de água doce" 
(3130, 3170*), "charnecas e matos das zonas temperadas" (4030, 4060, 4090), “matos 
esclerófilos” (5120), e "habitats rochosos e grutas" (8130). 
A segunda grande questão, i.e. encontrar novas formas de gestão sustentável das áreas Natura 
2000 (2), é abordada identificando os impactos dos principais usos históricos, actuais e 
futuros do solo nos tipos de habitats Natura 2000 presentes na área. São estudados 
simultaneamente os contextos físico-geográfico, socioeconómico e político-administrativo em 
que estes sistemas de uso do solo se desenvolvem. Desta forma, a investigação passa das 
ciências naturais para o campo das ciências sociais (arqueologia, história, geografia, 
demografia, economia, sociologia e política). Ainda que para cada uma das diferentes 
disciplinas os dados disponíveis difiram muito no detalhe de informação, podem, contudo, no 
seu conjunto contribuir para uma melhor compreensão das interacções entre o ecossistema 
regional, a economia e a complexidade crescente da governabilidade. Esta abordagem pode 
superar as diferenças entre perspectivas sectoriais contrastantes em relação aos sítios Natura 
2000, por exemplo, entre uma visão exclusivamente ecológica e uma visão exclusivamente 
económica. 
Com as informações obtidas a partir da pesquisa em (1) e (2) e em combinação com a 
informação já existente, é avaliado o estado de conservação dos tipos de habitats na Serra da 
Estrela, sendo subsequentemente referidos os meios e as oportunidades para manter e, se 
necessário, melhorar o seu estado de conservação. 
 
Estrutura 
Os primeiros cinco artigos (Parte 1: Capítulos 2-6) lidam com a primeira questão formulada. 
O Capítulo 2 debruça-se sobre o estatuto taxonómico, ecologia, origem e conservação de uma 
planta que constitui uma nova referência para a flora de Portugal . Os quatro capítulos 
seguintes (3, 4, 5 e 6) consistem em pesquisas específicas relativas às seguintes classes de 
vegetação: Pino-Juniperetea (Capítulos 2, 3, 4), Calluno-Ulicetea (Capítulo 4), Thlaspietea 
(Capítulo 5), Isoëto-Littorelletea (Capítulo 6) e Isoëto-Nanojuncetea (Capítulo 6). 
Os três artigos seguintes (Parte 2: Capítulos 7-9) lidam com a segunda questão. O Capítulo 7 
consiste numa abordagem preliminar da história da vegetação, da evolução da paisagem 
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aberta, das principais ameaças à biodiversidade e das possíveis soluções para a conservação. 
O Capítulo 8 expande o estudo do uso tradicional da terra e, posteriormente, de forma sucinta 
reflecte sobre a forma como os agricultores e pastores podem desempenhar um papel na 
preservação da paisagem e dos biótopos seminaturais. Reflecte ainda sobre os aspectos 
culturais que se relacionam com os pontos anteriores, dentro de uma grande área Natura 2000, 
como a Serra da Estrela. O Capítulo 9 apresenta uma avaliação do estado de conservação dos 
tipos de habitats na área da Serra da Estrela, comparando também a situação local com a que 
se verifica na União Europeia como um todo, finalmente explica as razões pelas quais, à luz 
dos objectivos da rede Natura 2000, a agricultura e a pecuária tradicionais não podem ser 
abandonadas, não podendo ser substituídas por uma política de "nada fazer". Além dos pontos 
já focados, este capítulo demonstra como se podem gerar fontes de rendimento, a fim de 
permitir o uso tradicional da terra, sendo assim cumpridas as exigências da Directiva Habitats 
de forma sustentável. 
Na estrutura do texto em locais adequados, entre os capítulos, foram introduzidas três caixas 
de texto com informação adicional que permite incluir os artigos num contexto mais amplo. A 
primeira caixa de texto caracteriza o património geobotânico da Serra da Estrela. A segunda 
descreve a história do uso da terra, bem como da cultura, e parâmetros socioeconómicos e 
político-administrativos, desde a última época Glacial. A terceira lida com a propriedade da 
terra e ordenamento do território, particularmente dos baldios ou commons, como são 
chamados em Inglês. 
O Capítulo 10 (Parte 3) corresponde a uma síntese da tese, integra a informação dos capítulos 
anteriores e das caixas, apresentando as principais conclusões e recomendações para futuras 
linhas de investigação. Discutem-se as duas grandes questões da tese, i.e. a falta de 
conhecimento sobre os habitats Natura 2000 (particularmente dos habitats seminaturais) e a 
integração do conceito de serviços do ecossistema na gestão de uma área Natura 2000 
afectada por mudanças socioeconómicas, como ocorre na Serra da Estrela. Na secção 1 
discutem-se as lacunas de conhecimento relativas aos habitats da Rede Natura 2000. Na 
primeira subsecção referem-se alguns problemas taxonómicos e, na segunda, discutem-se os 
aspectos sintaxonómicos dos habitats da Natura 2000. Na terceira subsecção são revistas as 
implicações deste estudo para a avaliação do estado de conservação dos tipos de habitats da 
rede Natura 2000. Na secção 2 abordam-se as opções de gestão para os sítios Natura 2000 
num contexto de alteração das condições socioecónomicas, estas opções são discutidas em 7 
subsecções: manter ou não uma gestão activa (2.1), acerca da necessidade de continuar a 
cultivar a terra (2.2), as oportunidades financeiras para agricultores (2.3), a Natura 2000 como 
espaço tradicional de uso comum (2.4), a Natura 2000 como um espaço moderno de uso 
comum (2.5), os novos accionistas (2.6), e a Natura 2000 como um trabalho em 
desenvolvimento, e.g. os eco-distritos (2.7). Na última secção (3) retiram-se as conclusões 
gerais. 
 
Conclusões 
 
Contribuições para o conhecimento dos tipos de habitats da Natura 2000 
 
A partir da análise de apenas uma pequena selecção de cinco das 44 classes de vegetação 
referidas para a área de estudo, é notório que tanto o número de comunidades de plantas como 
o número de espécies são efectivamente maiores do que era anteriormente conhecido. O 
processamento dos 459 relevés de vegetação realizados durante o trabalho de campo 
(directamente relacionado com os capítulos 2 a 6) resulta na referência de novas espécies e 
comunidades antes desconhecidas em Portugal, ou mesmo para a ciência. A Tabela 1 
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(Capítulo 10) fornece uma visão geral de todos os 21 sintaxa que se distinguem na análise 
desta tese e indica a extensão da informação agora disponibilizada. Todos os sintaxa 
contribuem para um melhor conhecimento dos habitats da rede Natura 2000, estando 
envolvidos nove tipos de habitats Natura 2000 no total. A pesquisa realizada permitiu suprir 
lacunas no conhecimento sobre os tipos de habitat, com implicações em três escalas: local, 
nacional e europeia. A visão geral da vegetação de Portugal e da Europa foi reforçada com 
três novas associações, três novas subassociações, e cinco novos tipos de comunidades sem 
posição hierárquica (principalmente basais). A informação obtida permitiu também ampliar o 
conhecimento da vegetação já anteriormente descrita. O método dedutivo de Kopecký & 
Hejný (1978) para descrever as comunidades basais foi aplicado pela primeira vez em 
Portugal e contribuiu muito para a definição destes tipos de habitat. A informação que agora 
se disponibiliza nesta tese pode melhorar no futuro a eficiência da avaliação do estado de 
conservação de nove tipos de habitats Natura 2000 com os códigos: 3130, 3170*, 3260, 4030, 
4060, 4090, 5120, 6160, 8130. 
A flora vascular de Portugal foi aumentada pela confirmação de duas espécies, uma delas 
nova para a ciência (Capítulo 2, 5, 10). As floras briofítica e liquénica foram também 
aumentadas com oito e três espécies confirmadas, respectivamente. No que respeita à fauna 
foi confirmada a ocorrência de uma nova espécie de ave nidificante. Pelo menos seis plantas 
vasculares, e uma espécie de musgo aguardam a confirmação do seu estatuto taxonómico por 
especialistas. Todas as espécies mencionadas são listadas com referências no Capítulo 10 
(secção 1.1). 
Durante o trabalho de campo preparatório que precedeu a selecção das cinco classes de 
vegetação, um número ainda maior de espécies desconhecidas de Portugal, da Península 
Ibérica ou para a ciência foram identificadas e confirmadas através da cooperação 
especialistas de taxonómia. Estes novos dados indicam que é aconselhável incluir as 
criptógamas nos relevés. Tem também sido demonstrado que os briófitos e líquenes podem 
desempenhar um papel importante no reconhecimento e delimitação de certos tipos de 
vegetação a maiores níveis sintaxonómicos e, portanto, na classificação de certos habitats 
Natura 2000. É portanto recomendável uma abordagem botânica mais ampla na resolução das 
questões relativas a todos os tipos de habitats na Serra da Estrela. A premência desta nova 
abordagem deriva da necessidade de melhorar a avaliação dos tipos de habitats no próximo 
relatório à Comissão Europeia em 2013, de acordo com o artigo 17 º da Directiva Habitats. 
Futuramente será necessária a cooperação com especialistas da fauna, a fim de seleccionar 
“espécies tipo” associadas aos habitats Natura 2000, passo fundamental para uma avaliação 
adequada dos parâmetros de avaliação. Neste contexto, a descrição do habitat 5120 
Formações montanas de Cytisus purgans do qual é possivelmente dependente o pisco-de-
peito-azul pode ser visto como um passo inicial neste sentido (Capítulo 3 e Capítulo 10: 
secção 2.1). 
A segunda parte da tese incide particularmente sobre os principais usos do solo, referindo 
possíveis cenários futuros, que podem vir a ser relevantes na avaliação dos parâmetros 
"Estrutura e Funções" e "Perspectivas futuras sobre habitats", como exigido pela Directiva 
Habitats. 
A articulação da informação obtida com a informação já existente pode concluir-se (Capítulo 
9) que o estado de conservação médio de 40 tipos de habitats Natura 2000 na Serra da Estrela 
é alto quando comparado com a situação geral na Europa. Os tipos seminaturais que 
dependem da agricultura extensiva estão em situação ainda melhor do que na UE como um 
todo. A percentagem total, de todos os 40 tipos de habitats da Serra da Estrela, que possuem 
um estatuto de conservação favorável foi estimado em 32,5 %, i.e. quase o dobro dos 17 % 
referidos pela Comissão Europeia para o total dos 216 tipos de habitats Europeus. 
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O estado de conservação dos 9 tipos de habitat seminaturais presentes na Serra da Estrela é 
mais favorável, quando comparado com o resto da Europa (55,5 % para 0 %). A diferença 
seria ainda maior se os tipos de habitat 4060 e 5120 fossem adicionados ao 53 tipos de 
habitats na ‘lista revista de habitats do anexo I que dependem, ou estão associados à 
agricultura extensiva’ da Agência Europeia do Ambiente (como recomendado nesta tese). 
Tendo em conta os resultados favoráveis para os tipos de habitat seminaturais na Serra da 
Estrela, em comparação com a generalidade da Europa, é assim recomendado que a paisagem 
agrícola relativamente intacta da Serra da Estrela sirva como um ‘laboratório’ ao ar livre. 
Neste 'laboratório' muitas relações funcionais ainda existem ao nível da paisagem, da espécie, 
e da comunidade. Estas relações podem ser estudadas in situ, podendo ser úteis como modelo 
para projectos de restauração de paisagens degradadas e fragmentadas no resto da Europa. 
Seria espectável que os números favoráveis no que diz respeito à conservação de habitats 
pudessem ser ainda maiores se fossem tomadas medidas correctivas relativamente aos habitats 
florestais da Natura 2000 que actualmente possuem um estatuto de conservação desfavorável. 
Simultaneamente a base económica para a continuação da agricultura tradicional praticamente 
desapareceu. Como resultado é previsível uma diminuição drástica na taxa favorável de 
conservação acima referida relativamente aos tipos de habitats seminaturais tradicionalmente 
mantidos pela agricultura. Além disso, na ausência de agricultura tradicional é também 
espectável um declínio adicional no estado de conservação favorável dos tipos de habitat 
natural, como será explicado na próxima secção. 
 
A continuação da agricultura em combinação com a restauração de tipos de florestais como 
um meio para gerir os tipos de habitat da rede Natura 2000. 
 
A comparação entre as principais formas de uso da terra com os tipos de habitats associados à 
rede Natura 2000 bem como das espécies de plantas enumeradas no anexo II, IV e V da 
Directiva Habitats sugere que um mosaico de ecossistemas naturais, combinado com 
ecossistemas seminaturais preservados graças à agricultura tradicional, resultará na melhor 
opção para a conservação de todos os tipos de habitats Natura 2000 e espécies de plantas do 
anexo II, IV e V na Serra da Estrela (Capítulo 9). 
Actualmente a base socioeconómica da agricultura tradicional praticamente desapareceu, 
desta forma o estado de conservação dos habitats seminaturais associados acabará por se 
deteriorar o que terá como resultado final que os objectivos da Natura 2000 não serão 
cumpridos. Existem além disso fortes indícios de que tanto a ocorrência de vegetação 
arbustiva bem como aumento do número de incêndios florestais resultantes da cessação de 
actividades agrícolas tradicionais afectam os habitats naturais, cujo estado de conservação não 
tinha inicialmente sido relacionado com a agricultura tradicional. Apenas no período entre 
1990-2009 arderam mais de 650 km2 (Capítulo 9). Indirectamente os incêndios em matos 
(urzais, estevais, etc.) e os incêndios florestais são favorecidos por factores como a florestação 
(principalmente coníferas de crescimento rápido inflamáveis), condições de secura e 
acumulação de biomassa como resultado do fim da actividade agrícola tradicional. Em 
Portugal os períodos de estio têm aumentado sendo espectável que aumentem ainda mais no 
futuro. Os incêndios tornaram-se no factor dominante no que concerne às alterações da 
paisagem na Serra da Estrela afectando também seriamente o sistema socioeconómico. Pode 
concluir-se que a continuação da agricultura tradicional combinada com o desenvolvimento 
da floresta natural em áreas adequadas pode ser a opção mais adequada para a prevenção da 
propagação de incêndios florestais e, simultaneamente, a melhor opção para serem cumpridos 
os objectivos da Natura 2000, tanto para os habitats seminaturais como para os habitats 
naturais. 
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Obviamente a manutenção da agricultura tradicional tal como restauração da floresta natural 
requer o financiamento de acordos de gestão, o que também pode ser visto como um 
investimento no desenvolvimento agrícola sustentável. Até agora, os planos da UE não 
conseguiram travar as perdas de biodiversidade e consequente perda de serviços dos 
ecossistemas, sugerindo que, a longo prazo, as disposições legais/institucionais por si só 
provavelmente não são uma solução adequada para travar o declínio. Espera-se que o sucesso 
de qualquer plano para estimular a valorização dos serviços ambientais dependa da 
viabilidade económica do uso sustentável dos recursos naturais. 
Esta tese procura no passado as pistas para recriar condições para uma agricultura e pecuária 
economicamente bem-sucedidas (Capítulo 9 e Caixas 1 e 2). Demonstra-se que a agricultura 
tradicional (incluindo a produção de alimentos e lã) foi o pilar fundamental da economia 
regional ao longo dos séculos. Até recentemente, a agricultura tradicional ainda era praticada 
na Serra da Estrela, enquanto noutras partes da Europa, tipos comparáveis de uso agrícola do 
solo deixaram de ter importância económica no final do século XIX ou na primeira metade do 
século XX. Uma das razões para a continuação da agricultura tradicional em áreas 
montanhosas como a Serra da Estrela devesse à impossibilidade de „melhorar‟ as charnecas 
transformando-as em campos altamente produtivos, como noutras partes da Europa mais 
planas (i.e. nas „áreas mais favorecidas‟). 
O aumento da produção foi possível pelo aumento da área de terraços nas encostas e pela 
melhoria dos sistemas de irrigação, mas para além disso outras condições especiais 
permitiram a manutenção dos sistemas tradicionais agrícolas e pecuários muito depois de 
terem sido abandonados no resto da Europa. A razão para a manutenção destes sistemas pode 
ser encontrada no balanço entre as oportunidades oferecidas pelas condições locais biológicas 
e físico-geográficas e entre estas e o desenvolvimento das condições socioeconómicas locais e 
globais. De facto, a difícil orografia, a posição marginal em Portugal, a presença de uma 
indústria têxtil incentivada por medidas políticas e administrativas em tempos de crise 
histórica, o aumento da densidade populacional associado ao trabalho suplementar na terra e 
consequente estimulo para expansão da agricultura de subsistência para uma agricultura mais 
orientada para o mercado, bem como ainda as remessas de emigrantes, são factores que 
desempenharam um papel fundamental. 
Os exemplos históricos mostram que a chave para a continuação bem-sucedida da agricultura 
tradicional reside na capacidade dos agricultores, pastores e de outros intervenientes ao nível 
regional, para, ao longo dos anos, fazerem uso das oportunidades criadas por uma interacção 
mutuamente ajustada das alterações socioeconómicas e político-administrativas, tanto a nível 
nacional como global. 
A expropriação pelo Estado dos baldios para florestação é um exemplo de uma abordagem 
sectorial limitada que não se recomenda. A apropriação começou na Serra da Estrela e na 
Serra do Gerês no final do século XIX como uma resposta das autoridades ao declínio da 
economia nacional em zonas de montanha. A implementação desta política florestal provocou 
agitação social e contribuiu indirectamente, anos mais tarde, para a eclosão de incêndios 
florestais, tendência que se manteve até aos dias de hoje. 
Para tornar a agricultura, mais uma vez, economicamente viável sugere-se (com base na 
experiência passada) que é fundamental uma mudança no pensamento de forma a alcançar a 
colaboração intersectorial de todas as partes interessadas a nível regional, nacional e global. 
Podem ser encontradas oportunidades de tornar a ligar a agricultura actual com as actividades 
económicas noutros sectores, interligando a gestão da rede Natura 2000 com os serviços 
ambientais mantidos pelos agricultores. Mais especificamente, numa altura em que os 
incêndios continuam a ameaçar os interesses económicos da maioria dos intervenientes na 
região, novas oportunidades podem ser criadas pela valorização do conjunto de serviços 
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ambientais prestados pelo sítio da Rede Natura 2000. Até há pouco tempo, o sítio Natura 2000 
e os serviços ambientais associados foram em grande parte geridos por agricultores e pastores 
tradicionais sem que eles tenham sido recompensados por esses serviços. 
 
A rede Natura 2000 como um novo ‘baldio? 
 
Podemos concluir que na Serra da Estrela os baldios têm provado ser bem-sucedidos na oferta 
de habitats seminaturais e de muitos serviços sociais. Intencionalmente ou não, os baldios 
mantiveram vários habitats naturais através dos séculos, embora a passada sobre-exploração 
tenha resultado no desaparecimento de quase todas as florestas naturais. Neste contexto, tanto 
as "‟boas‟ como as „más‟ experiências, podem fornecer indicadores para a futura gestão e uso 
múltiplo da rede Natura 2000 pelo conjunto das partes intervenientes e pela interacção entre 
proprietários públicos e privados. Uma vez que uma proporção significativa, se não a maioria, 
dos habitats da Natura 2000 na Serra da Estrela podem ser encontrados principalmente em 
baldios de uso comum de gestão comunal, surge a questão sobre se a rede Natura 2000 nestes 
terrenos não poderia ser gerida no futuro tendo em conta esta realidade. Actualmente, no 
entanto, diferentes proporções dos tipos de habitats Natura 2000 estão localizados em terreno 
privado e público, o que leva à colocação de uma questão distinta, isto é, se o uso dos recursos 
naturais como conjunto de direitos separados independentemente dos direitos de propriedade 
não é também criadora de oportunidades para a gestão da rede Natura 2000. Embora esta tese 
não possa dar respostas definitivas para esta última questão, apresenta, no entanto, várias 
opções para futuras pesquisas. 
Apresenta-se uma visão em que as partes interessadas (os stakeholders) consideram, 
actualmente, os agricultores tradicionais como aliados na gestão dos recursos naturais e 
seminaturais, desde que estes intervenientes façam uso das novas oportunidades criadas pela 
abordagem dos serviços dos ecossistemas e estejam preparados para os explorar em benefício 
de todos os cidadãos. Desta forma a Natura 2000 pode ser considerada como um „new comon’ 
ou baldio. 
O exemplo da Serra da Estrela sublinha a importância de reavaliar os benefícios para a 
sociedade da agricultura tradicional, da criação de gado e dos baldios, cujo desaparecimento 
na Europa conduziu a uma diminuição da biodiversidade, bem como de outros bens e serviços 
resultantes dos ecossistemas. O exemplo da Serra da Estrela demonstra também que a rede 
Natura 2000 pode ser um passo para travar a perda de biodiversidade, desde que o resultado 
da interacção das condições económicas, político-administrativas e climáticas seja consistente 
com os objectivos da Rede Natura 2000. Uma vez que estas condições estão sujeitas a 
alterações, propõe-se que a rede Natura 2000 ao invés de ser imutável, deve antecipar e 
responder às mudanças que ocorrem a vários níveis, desde a nível regional como a maior 
escala. Neste contexto, os novos „baldios Natura 2000‟, tal como se fazia nos tradicionais, 
devem identificar e discutir problemas locais, propor soluções, fornecer as melhores práticas, 
etc., para, desta forma, possibilitarem uma adaptação sustentável e local aos novos dados e 
desenvolvimento do conhecimento relativo aos cenários climáticos e socioeconómicos 
globais. Estas experiências locais podem ser utilizadas por instituições governamentais a nível 
nacional ou europeu, a fim de obter informação relevante na abordagem adequada das 
mudanças tecnológicas, ambientais, sociais e económicas. A Natura 2000 pode funcionar 
como um motor comum para que o desenvolvimento rural local seja socioeconomicamente 
sustentável equilibrando, desta forma, as necessidades locais no sítio Natura 2000, com as 
necessidades externas incluindo as urbanas e as Europeias no que concerne à biodiversidade e 
serviços ambientais relacionados. Estes serviços incluem as externalidades positivas da 
agricultura tradicional e bem como novas externalidades relativas à expansão das florestas 
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naturais, tais como o sequestro de carbono, a formação e retenção do solo, controle do clima, 
regulação do ciclo da água e nutrientes, a biodiversidade, áreas de recreio, etc. 
Recomenda-se que a classificação dos tipos de habitats Natura 2000 seja desenvolvida e 
adaptada tendo em conta os mais recentes desenvolvimentos em fitossociologia, tanto à escala 
europeia como regional. Variantes regionais dos tipos de habitats constantes do anexo II da 
Directiva Habitats, bem como outros tipos de habitat (ameaçados) à escala europeia que não 
estão listados podem assim ser propostos para inclusão no sistema da Rede Natura 2000. 
Como os efeitos das alterações climáticas podem variar entre regiões e habitats são 
necessárias adaptações „à medida‟ que neutralizem estes efeitos à escala regional. Neste 
particular, a situação geográfica extraordinária da Serra da Estrela como montanha mais alta 
do sudoeste da Europa, é de importância crucial na compreensão do comportamento ecológico 
dos tipos de habitats da rede Natura 2000 à luz das alterações climáticas. 
É proposto o refinamento das regiões biogeográficas da Natura 2000 em unidades menores, 
especialmente em áreas de maior concentração de espécies endémicas e tipos de habitats. As 
unidades espaciais de conservação da natureza nas quais os serviços dos ecossistemas são 
geridos podem ser mais eficazes no que respeita à biodiversidade potencial óptima. O próprio 
distrito fitogeográfico da Serra da Estrela poderia ser um exemplo de tal refinamento. 
Ainda não se sabe como funcionará para o futuro dos recursos naturais e da regeneração dos 
serviços dos ecossistemas esta nova abordagem da rede Natura 2000 como um „baldio 
moderno‟ (modern common) - no sentido em que todos os interessados, privados, estado e 
cidadãos venham a colaborar de forma sinérgica num ambiente de mudança. Será, 
possivelmente, a forma mais eficaz de, sob novas condições socioeconómicas, optimizar a 
gestão da complexidade do sítio Natura 2000 Serra da Estrela, bem como de outros sítios 
Natura 2000 no resto da Europa. 
 
A tese em treze passos 
 
O estudo que se apresenta pode delinear-se em 13 passos: 
(1) A pesquisa fitossociológica preenche lacunas de conhecimento sobre os tipos de habitats 
Natura 2000, conduzindo a uma avaliação mais fiável do seu estado de conservação, tornando 
os gestores responsáveis mais conscientes do valor dos activos sob sua gestão; 
(2) A percentagem total estimada dos 40 tipos de habitats na Serra da Estrela com um estado 
de conservação favorável foi de 32,5 %, quase o dobro dos 17 % de todos os 216 tipos de 
habitats europeus comunicados à Comissão Europeia; 
(3) No que respeita aos 9 tipos de habitat Natura 2000 semi-naturais da Serra da Estrela que 
são dependentes de agricultura extensiva essa percentagem é estimada em 55,5 %, um 
contraste ainda mais gritante com o valor de 0 % destes mesmos 9 tipos na UE como um todo; 
(4) Um mosaico de tipos de habitats seminaturais e de habitats naturais resultará numa melhor 
oportunidade para serem atingidas as metas da Natura 2000; 
(5) Os tipos de habitats de interesse residem, principalmente, nos baldios que foram utilizados 
e mantidos pelos agricultores e pastores; 
(6) Em geral, todos os tipos de habitats na Serra da Estrela estão melhor protegidos pela 
agricultura tradicional; 
(7) Os tipos de habitats naturais podem ser melhorados em combinação com o 
desenvolvimento da floresta natural, apenas com uma boa organização da gestão; 
(8) A base económica da agricultura tradicional desapareceu e com ela a melhor e mais segura 
protecção a longo prazo dos tipos de habitat; 
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(9) As subvenções podem certamente contribuir para a gestão das metas da Natura 2000, mas 
a gestão de longo prazo só será, em última análise, eficiente se existir suporte socioeconómica 
para tal; 
(10) Pelo estudo dos aspectos históricos da vegetação, do uso da terra e da organização da 
área puderam ser formuladas novas abordagens que reconciliam as exigências de gestão da 
natureza com novas formas de uso da terra e organização num mundo em constante mudança; 
(11), Desta forma, a Natura 2000 deveria ser antes considerada mais como uma obra em curso 
do que uma doutrina plenamente desenvolvida; 
(12) Foi dado um passo numa nova abordagem bem-sucedida sobre o conceito de Natura 
2000 como um „baldio moderno‟ com novas partes interessadas, que permite explorar os 
recursos naturais e os serviços ambientais associados de uma forma sustentável e, assim, 
recuperar a base socioeconómica da agricultura tradicional; 
 (13) Este novo modelo necessita muito estudo envolvendo diversas áreas disciplinares. 
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Samenvatting 
 
Het beheer van Natura 2000 in een veranderende wereld: Het voorbeeld van de Serra da 
Estrela. 
 
Probleemstelling 
 
Om de natuur in Europa te beschermen heeft de EU de Vogelrichtlijn en de Habitatrichtlijn 
opgezet als een fundamenteel juridisch kader en een institutionele regeling die het mogelijk 
maken om een netwerk van beschermde gebieden in heel Europa op te richten: Natura 2000. 
Natura 2000 is uitgegroeid tot het grootste samenhangende netwerk van beschermde gebieden 
in de wereld. Ondanks de wetgevende maatregelen en tal van andere acties om de natuur in 
stand te houden, blijft de biodiversiteit in Europa achteruitgaan. De belofte die in 2001 door 
de Europese Commissie gedaan werd om het verlies aan biodiversiteit te stoppen kon niet 
worden nagekomen. Op grond van artikel 17 van de Habitatrichtlijn, dienen de lidstaten om 
de zes jaar informatie aan te leveren over hoe de richtlijn ten uitvoer wordt gebracht. Voor de 
rapportageperiode van 2001-2006 hebben de lidstaten voor het eerst gedetailleerde evaluaties 
verstrekt over de staat van instandhouding van de habitattypen en soorten van de 
Habitatrichtlijn die zich op hun grondgebied bevinden (ETC/BD 2008a). Daaruit blijkt dat in 
de gezamenlijke biogeografische regio’s van Europa slechts 17 % van alle Natura 2000-
habitattypen, alsmede 17 % van alle Habitatrichtlijn Annex soorten in een gunstige staat van 
instandhouding verkeert. Voor half-natuurlijke habitattypen die afhankelijk zijn van 
extensieve landbouw, is dat percentage maar 7 % en in de Mediterrane regio ligt dat 
percentage nog lager: op 3 %. De situatie is daar echter moeilijk in te schatten, omdat de lage 
percentages in landen als Griekenland, Spanje en Portugal namelijk vooral het gevolg lijken te 
zijn van het ontbreken van gegevens met betrekking tot habitattypen en annex soorten. 
Volgens de Europese Commissie dienen lacunes in de kennis met betrekking tot habitattypen 
en annex soorten zorgvuldig opgevuld te worden om betrouwbare schattingen te kunnen 
leveren (probleemstelling 1) en een consistent monitoringsnetwerk ten behoeve van de 
Habitatrichtlijn-doelen te kunnen ontwikkelen (COM 2010a).  
Gezien het feit dat de Europese Commissie haar belofte niet kon waarmaken, is de vraag 
gerezen of zij via de geplande weg van Natura 2000 ooit wel in staat zal zijn om de 
achteruitgang van biodiversiteit te stoppen. De Europese Commissie zoekt naar nieuwe wegen 
om in de toekomst toch haar doelstellingen te halen (probleemstelling 2). Ze erkent de 
noodzaak van een effectief bestuurlijk kader en een aanpak op meerdere schaalniveaus. Ze wil 
daarbij meer accent gaan leggen op het concept van ecosysteemdiensten (COM 2010a). Dat 
dit van groot belang is blijkt uit een schatting dat zonder effectief beleid in een 'business as 
usual scenario’ wereldwijd alleen al met betrekking tot terrestrische ecosystemen (dus zonder 
wetlands en mariene milieus) jaarlijks een verlies aan ecosysteemdiensten wordt geleden van 
grofweg 50 miljard euro, terwijl in 2050 de waarde van de geaccumuleerde 
welvaartsverliezen is geraamd op een equivalent van 7 % van de totale jaarlijkse omzet in de 
wereld (Braat & Brink 2008, COM 2009a). 
 
Doel 
 
Dit proefschrift richt zich op de doelstellingen van de Commissie door: 
1) De kennis van Natura 2000 habitats te verbeteren. 
2) Nieuwe wegen te zoeken om Natura 2000 effectiever te beheren. 
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Aanpak 
 
Om kennisleemten op te vullen en antwoorden te vinden op de vraag hoe Natura 2000 
beheerd kan worden zonder biodiversiteit en andere ecosysteemdiensten te verliezen, verkent 
dit proefschrift de onderliggende mechanismen in een specifiek onderzoeksgebied in Portugal, 
de Serra da Estrela, dat voor het grootste deel is aangewezen als Natura 2000 gebied, dat 
onvoldoende gedocumenteerd is, en dat zowel één van Europa‟s biodiversiteit-hotspots is als 
één van de weinige overgebleven West-Europese landschappen die nog tamelijk intact zijn en 
een veelvoud aan zowel natuurlijke als half-natuurlijke habitattypen bevatten. 
Dit proefschrift richt zich (1) op het vullen van kennisleemten met betrekking tot Natura 
2000-habitattypen, door onderzoek te verrichten naar de floristische samenstelling, 
syntaxonomie, synecologie, en gebruik van vegetatietypen en deze te vertalen naar Natura 
2000-habitattypen. De vegetatietypen worden beschouwd als elementaire onderdelen waaruit 
Natura 2000 habitats zijn opgebouwd. Vijf van de 44 vegetatieklassen die voor de Serra da 
Estrela gerapporteerd zijn, werden voor dit proefschrift geselecteerd voor nadere analyse. 
Deze klassen zijn gekozen omdat ze terrestrische en aquatische habitatgroepen 
vertegenwoordigen met zowel natuurlijke als half-natuurlijke habitattypen. De vijf klassen en 
de geassocieerde habitattypen, minimaal zeven in getal, zijn bovendien goed ontwikkeld in 
het studiegebied. Deze habitattypen behoren tot vier van de in totaal zeven inlandse 
habitatgroepen die in de Habitatrichtlijn onderscheiden worden en kort samengevat, met 
daarachter de codes van de habitattypen, omschreven kunnen worden als: „Zoetwater habitats‟ 
(3130, 3170*), „Gematigde heide en struikvegetatie‟ (4030, 4060, 4090), „Sclerofiele 
struikvegetatie‟ (5120), en „Rots habitats‟ (8130). 
Het proefschrift richt zich tevens (2) op het zoeken naar nieuwe wegen voor duurzaam beheer 
van Natura 2000, door te trachten effecten op te sporen van de belangrijkste historische, 
huidige en te verwachten landgebruiksystemen op Natura 2000-habitattypen die voor het 
gebied gerapporteerd zijn en daarbij de fysisch-geografische, sociaal-economische en 
politiek-bestuurlijke context te bestuderen waarbinnen deze landgebruiksystemen zich konden 
ontwikkelen. Met de verkregen informatie uit (1) en (2) wordt in combinatie met bestaande 
informatie de staat van instandhouding van de aanwezige habitattypen in de Serra da Estrela 
beoordeeld om vervolgens middelen en mogelijkheden te formuleren om hun staat van 
instandhouding te handhaven en waar nodig te verbeteren. 
Om de complexiteit van het probleem te kunnen benaderen is het nodig om gebruik te maken 
van uiteenlopende disciplines en van informatie uit verschillende sectoren. Met deze aanpak 
kunnen naar verwachting verschillen overbrugd worden tussen sectorale – bijvoorbeeld 
ecologische en economische – gezichtspunten die met betrekking tot Natura 2000 gebieden 
nogal sterk contrasterend kunnen zijn. 
 
Opbouw 
 
De eerste vijf hoofdstukken („Part 1‟) zijn gericht op probleemstelling 1. De volgende 
vegetatieklassen komen aan bod: Pino-Juniperetea (Hoofdstukken 2, 3 ,4), Calluno-Ulicetea 
(Hoofdstuk 4), Thlaspietea (Hoofdstuk 5), Isoëto-Littorelletea (Hoofdstuk 6) and Isoëto-
Nanojuncetea (Hoofdstuk 6). Hoofdstuk 2 is een sterk taxonomisch getint verhaal over één van de 
nieuwe soorten die tijdens het veldwerk voor de Portugese flora zijn ontdekt. De volgende vier 
hoofdstukken vormen afzonderlijke overzichten van de voornoemde klassen. 
In de laatste drie hoofdstukken („Part 2‟) vormen landgebruik, organisatiestructuren en beheer 
en hun invloed op habitattypen de rode draad bij de aanpak van probleemstelling 2, waarbij de 
aandacht verschuift naar het veld van de sociale wetenschappen (archeologie, geschiedenis, 
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demografie, economie, sociologie en politieke wetenschappen). De beschikbare gegevens 
verschillen nogal wat betreft hun gedetailleerdheid, maar ze dragen desalniettemin bij aan een 
beter begrip van de interacties tussen het regionale ecosysteem, de in complexiteit 
toenemende economie en de bestuurlijke instanties. Hoofdstuk 7 is een eerste verkenning van 
de vegetatiegeschiedenis, de evolutie van het open landschap, de belangrijkste bedreigingen 
voor de biodiversiteit en de mogelijke oplossingen voor het behoud ervan. Hoofdstuk 8 gaat 
dieper in op het traditionele landgebruik en ontvouwt vervolgens op beknopte wijze hoe de 
boeren en herders een rol kunnen spelen in het bewaren van het landschap, de half-natuurlijke 
biotopen en de daarmee samenhangende culturele aspecten in een groot Natura 2000 gebied 
als de Serra da Estrela. Hoofdstuk 9 geeft een beoordeling van de staat van instandhouding 
van de habitattypen in de Serra da Estrela en vergelijkt deze met de situatie die voor Europa 
gemeld is. Er wordt ingegaan op de vragen waarom traditionele landbouw en veeteelt niet 
kunnen worden gestaakt en niet kunnen worden vervangen door ‘niets doen’ uit oogpunt van 
Natura 2000 doelen en hoe er mogelijk inkomensbronnen kunnen worden gegenereerd om 
deze traditionele vormen van landgebruik voort te zetten. 
Tussen de hoofdstukken door zijn op geschikte plekken drie boxen toegevoegd met 
achtergrondinformatie om de artikelen in een ruimere context te plaatsen. De eerste box is een 
geobotanische kenschets van het studiegebied de Serra da Estrela. De tweede box beschrijft 
de landschapsgeschiedenis vanaf de Laatste IJstijd, de geschiedenis van het landgebruik, de 
cultuur en de sociaal-economische en politiek-bestuurlijke gebeurtenissen. De derde box gaat 
over grondeigendom en het beheer van gronden, met name de baldios (commons in het 
Engels). De commons zijn vergelijkbaar met wat vroeger in Nederland wel werd aangeduid 
als de gemeenschappelijk gebruikte woeste gronden met de daaraan verbonden 
rechtsverschijnselen (Nederlandse equivalenten: meent, gemeynt, marke). 
In hoofdstuk 10 (‘Part 3’) wordt de informatie uit de voorgaande hoofdstukken en de boxen 
geïntegreerd en in stappen bediscussieerd met wat betreft de eerste probleemstelling: 
opmerkingen over taxa (1.1), syntaxa en Natura 2000-habitattypen (1.2), en de 
beoordelingsmethode van de status van instandhouding (1.3). De tweede probleemstelling 
wordt besproken in zeven secties: de brede benadering van de problematiek (2.1), ingrijpen of 
terugtrekken uit natuurgebieden (2.2), de noodzaak om door te boeren (2.3), financiële 
mogelijkheden om door te boeren (2.4), Natura 2000 als een traditionele common (2.5), 
Natura 2000 als een moderne common (2.6), de nieuwe aandeelhouders (2.7), Natura 2000 als 
een werk in uitvoering met als voorbeeld ecosysteemdistricten. 
 
Conclusies 
 
Kennisbijdragen aan Natura 2000-habitattypen 
 
Uit de analyse van slechts vijf van de 44 vegetatieklassen die gemeld zijn voor het 
studiegebied, blijkt dat het aantal plantengemeenschappen en soorten beide hoger zijn dan 
reeds bekend was en dat het regionale onderzoek minimaal op nationale schaal implicaties 
heeft. De verwerking van 459 vegetatieopnamen die zijn gemaakt tijdens veldwerk direct 
verband houdend met de gepubliceerde hoofdstukken 2 t/m 6, leverde zowel soorten als 
plantengemeenschappen op die voorheen onbekend waren voor Portugal, of zelfs voor de 
wetenschap. Tabel 1 in Hoofdstuk 10 geeft een overzicht van alle 21 syntaxa die in de analyse 
in dit proefschrift zijn onderscheiden en geeft de omvang aan van de informatie die 
beschikbaar is gekomen. Alle syntaxa dragen bij tot een betere kennis van Natura 2000 
habitats. In totaal zijn negen Natura 2000-habitattypen hierbij betrokken. Het onderzoek heeft 
lacunes in de kennis ten aanzien van habitattypen opgevuld met gevolgen voor drie 
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schaalniveaus: lokaal, nationaal en Europees. Het overzicht van de vegetatie van Portugal en 
van Europa kan worden uitgebreid met drie nieuwe associaties, drie nieuwe subassociaties, en 
vijf nieuwe rangloze vegetatietypen (meestal rompgemeenschappen). De geproduceerde 
informatie heeft ook de kennis van eerder beschreven vegetatie uitgebreid. De deductieve 
methode van Kopecký & Hejný (1978) voor het beschrijven van rompgemeenschappen werd 
voor de eerste keer in Portugal toegepast en heeft in hoge mate bijgedragen aan de definitie 
van habitattypen. Als gevolg van de informatie die dit proefschrift voortbrengt kan verwacht 
worden dat de efficiëntie van de beoordeling van de staat van instandhouding zal verbeteren 
met betrekking tot negen Natura 2000-habitattypen met de codes: 3130, 3170*, 3260, 4030, 
4060, 4090, 5120, 6160, 8130. 
De vaatplantenflora van Portugal kan worden uitgebreid met twee soorten die geaccepteerd 
zijn en waarvan er één nieuw is voor de wetenschap (Hoofdstuk 2, 5, 10). De mosflora van 
Portugal kan worden uitgebreid met acht soorten, de korstmosflora met drie, en de fauna met 
één broedvogelsoort. Tenminste zes onbevestigde vaatplanten, en één mossoort vragen om 
verder onderzocht te worden door taxonomische specialisten. Alle voornoemde soorten 
worden in hoofdstuk 10 (paragraaf 1.1) vermeld met referenties. Tijdens het algemene 
voorbereidende veldwerk voorafgaande aan de selectie van de vijf vegetatieklassen is zelfs 
een groter aantal soorten onbekende soorten voor Portugal, het Iberisch schiereiland of voor 
de wetenschap vastgesteld en bevestigd door meewerkende taxonomische specialisten. Deze 
bevindingen geven aan dat het aanbevelingswaardig is om cryptogamen in opnamen mee te 
nemen, te meer omdat deze studie ook laat zien dat de mossen en korstmossen een belangrijke 
rol kunnen spelen in de herkenning en afgrenzing van bepaalde vegetatietypen tot op hogere 
syntaxonomische niveaus en derhalve ook voor de indeling van bepaalde Natura 2000 habitats 
van belang zijn. Daarom wordt aanbevolen om een brede botanische aanpak te volgen bij 
voortzetting van vegetatiekundig onderzoek in de Serra da Estrela. Dit laatste is dringend 
nodig omdat de beoordeling van de habitattypen verbeterd moet zijn in het volgende verslag 
dat aan de Europese Commissie in 2013 moet worden uitgebracht op grond van artikel 17 van 
de Habitatrichtlijn. Ook samenwerking met faunaspecialisten zal nodig zijn om in de 
toekomst ‘typische soorten’ te selecteren die gebruik maken van Natura 2000-habitattypen, 
zoals vereist voor een adequate beoordeling van de parameters. De beschrijving in Hoofdstuk 
3 van habitattype ‘5120 Cytisus purgans bergformaties’ waarin tijdens het veldwerk de 
Blauwborst werd ontdekt, die vermoedelijk aan dit habitattype is gebonden, biedt in dit 
opzicht een voorbeeld (Hoofdstuk 3 en Hoofdstuk 10: paragraaf 2.1). 
Vooral in het tweede deel van het proefschrift wordt inzicht gegeven in de belangrijkste 
vormen van landgebruik en wordt een visie geboden op eventuele toekomstscenario's. Dit is 
relevant voor de beoordeling van de vereiste parameters ‘Structuur en functies’ en 
‘Toekomstperspectief voor habitats’. 
Door de nieuw verzamelde informatie uit de voorgaande hoofdstukken te combineren met 
bestaande informatie, wordt in Hoofdstuk 9 geconcludeerd dat de gemiddelde staat van 
instandhouding van 40 Natura 2000-habitattypen in de Serra da Estrela hoog is in vergelijking 
met de algemene situatie in Europa, en dat de halfnatuurlijke typen die afhankelijk zijn van 
extensieve landbouw relatief zelfs in nog betere toestand verkeren dan in Europa. Het totale 
percentage van alle 40 habitattypen in de Serra da Estrela met een gunstige staat van 
instandhouding wordt geschat op 32, 5 %. Dit is bijna twee keer zoveel als de 17 % van alle 
216 typen in Europa, die gemeld is aan de Europese Commissie. Van de negen half-
natuurlijke habitattypen in de Estrela verkeren er vijf (55, 5 %) in een gunstige staat van 
instandhouding, terwijl dat in de gehele Europese Unie voor geen (0 %) ervan geldt. Dat 
verschil zou zelfs nog meer uitgesproken zijn, wanneer habitattypen 4060 en 5120 zouden 
worden toegevoegd aan de 53 habitattypen op de ‘Herziene lijst van habitats van bijlage I van 
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de habitatrichtlijn die afhankelijk zijn van, of geassocieerd zijn met extensieve landbouw’ van 
het Europees Milieuagentschap. Dit wordt in dit proefschrift aanbevolen. Gelet op de gunstige 
cijfers voor de half-natuurlijke habitattypen in de Serra da Estrela in vergelijking met de 
algemene situatie in Europa, wordt hier aanbevolen om het vooralsnog intacte agrarische 
landschap van de Serra da Estrela te gebruiken als een openluchtlaboratorium waarin nog 
steeds veel functionele relaties op soorts-, gemeenschaps- en landschapsniveau in situ 
bestudeerd kunnen worden. Dit kan nuttig zijn als referentie voor herstelprojecten in 
gedegradeerde en gefragmenteerde landschappen elders in Europa. 
De gunstige percentages kunnen naar verwachting nog verhoogd worden wanneer 
herstelmaatregelen zouden worden genomen met betrekking tot negen Natura 2000-
boshabitattypen die in de Serra da Estrela in een ongunstige staat van instandhouding 
verkeren. Tegelijkertijd is de economische basis voor de voortzetting van de traditionele 
landbouw vrijwel verdwenen, waardoor een drastische daling van de gunstige percentages van 
de half-natuurlijke habitattypen, die onderhouden werden door boeren en herders, kan worden 
verwacht. Bovendien kan bij afwezigheid van de traditionele landbouw ook een 
verslechtering in de staat van instandhouding van de natuurlijke habitattypen worden 
verwacht, zoals zal worden toegelicht in de volgende paragraaf.  
 
Voortzetting landbouw als beheer van Natura 2000-habitattypen in combinatie met herstel 
van bostypen  
 
Na de belangrijkste vormen van landgebruik en de bijbehorende habitattypen en annex 
plantensoorten van de Habitatrichtlijn met elkaar vergeleken te hebben, is ingeschat dat een 
mozaïek van natuurlijke ecosystemen in combinatie met half-natuurlijke ecosystemen die 
door de traditionele landbouw gehandhaafd worden, de beste optie zal bieden voor de 
toekomstige instandhouding van alle 40 habitattypen en 50 annex plantensoorten in de Serra 
da Estrela (Hoofdstuk 9).  
Momenteel is de sociaal-economische basis voor de traditionele landbouw vrijwel verdwenen 
waardoor uiteindelijk de staat van instandhouding van de bijbehorende half-natuurlijke 
habitats zal verslechteren waardoor de doelstellingen van Natura 2000 niet gehaald kunnen 
worden. Bovendien zijn er sterke aanwijzingen dat door het optreden van hei- en bosbranden 
vanwege het staken van de traditionele agrarische activiteiten, ook de natuurlijke habitats, die 
aanvankelijk los stonden van de traditionele landbouw, nu wel in gevaar zijn geraakt. Alleen 
al in de periode 1990-2009 is er meer dan 650 km2 verbrand (Hoofdstuk 9). Indirect worden 
hei- en bosbranden begunstigd door biomassa-accumulatie in outfields (in Nederland ook wel 
‘woeste gronden’ genoemd) als gevolg van het staken van traditionele landbouw en veeteelt, 
door bebossing (vooral met licht-ontvlambare naaldbomen), en door droge klimatologische 
omstandigheden die in Portugal zijn toegenomen en naar verwachting verder zullen toenemen 
in de toekomst. Vastgesteld kan worden dat de bos- en heidebranden zijn uitgegroeid tot de 
dominante factor in de veranderingen van het landschap van de Serra da Estrela en dat ze 
tevens ernstig nadelige gevolgen hebben voor het sociaal-economische systeem. De conclusie 
is dat voortzetting van de traditionele landbouw in combinatie met natuurlijke 
bosontwikkeling in daarvoor geschikte gebieden een goede preventieve maatregel vormt 
tegen de verspreiding van bos- en heidebranden en de beste optie is voor de naleving van 
Natura 2000-doelstellingen ten aanzien van zowel natuurlijke als half-natuurlijke habitat 
typen. 
Het staat vast dat de continuïteit van de traditionele landbouw en het herstel van natuurlijke 
bostypen vragen om financiële injecties in de vorm van subsidies voor 
beheersovereenkomsten, die tevens gezien kunnen worden als een investering in duurzame 
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plattelandsontwikkeling. Tot dusver is het EU-plan om het verlies aan biodiversiteit en verder 
verlies van ecosysteemdiensten een halt toe te roepen mislukt. Dit geeft al aan dat op de lange 
termijn institutionele regelingen en subsidies op zichzelf waarschijnlijk geen adequate 
oplossing vormen om de achteruitgang te stoppen. De verwachting is dat het succesvol 
behoud van het landschap op de lange termijn zal afhangen van de economische 
levensvatbaarheid van duurzaam gebruik van de natuurlijke hulpbronnen. 
Om er aanwijzingen voor te vinden hoe traditionele landbouw en veeteelt weer economisch 
succesvol gemaakt kunnen worden, wordt in dit proefschrift gezocht in het verleden 
(Hoofdstuk 9 en Box 1 en 2). Aangetoond wordt dat de traditionele landbouw eeuwenlang de 
fundamentele pijler is geweest van de regionale economie, met inbegrip van voedsel- en 
wolproductie. Zelfs tot voor kort werd de traditionele landbouw nog steeds in redelijke mate 
beoefend in de Serra da Estrela, terwijl in andere delen van Europa vergelijkbare agrarische 
typen landgebruik hun tijd al hadden gehad op het einde van de 19e of in de eerste helft van de 
20e eeuw. Eén van de redenen is dat het in de bergachtige gebieden zoals de Estrela niet 
mogelijk was om de heide te ‘verbeteren’ en te veranderen in hoogproductieve graslanden 
zoals in de meer vlakke delen van Europa. Weliswaar kon door de uitbouw van de terrassen 
op de berghellingen en door verbetering van irrigatiesystemen de productie enigszins 
verhoogd worden, maar daarnaast waren er in het verleden in de Serra da Estrela nog andere 
bijzondere voorwaarden aanwezig, die het mogelijk maakten dat de traditionele landbouw en 
veeteelt hier zolang konden doorgaan. Deze worden gevonden in het samenspel van de 
territoriale biologische en fysisch-geografische mogelijkheden met zowel lokale als mondiale 
sociaal-economische ontwikkelingen. De ruwheid van het gebergte, de marginale positie in 
Portugal, de aanwezigheid van de textielindustrie en de stimulering ervan door politiek-
bestuurlijke maatregelen in historische tijden van crisis, behoren tot de factoren die een rol 
speelden. Maar ook de daarmee samenhangende toegenomen populatiedichtheid die tevens 
voor extra arbeidsproductiviteit op het land zorgde en bovendien de stimulus was voor de 
uitbouw van zelfvoorzieningslandbouw naar marktgeoriënteerde landbouw, en last but not 
least ook de substantiële sommen geld die werden overgemaakt door emigranten, speelden 
een rol. De historische voorbeelden tonen aan dat de sleutel tot succes van het continueren 
van de traditionele landbouw lag bij het vermogen van boeren, herders en anderen die 
belangen hadden in de regio, om door de jaren heen de kansen te benutten die gecreëerd 
werden door veranderende sociaal-economische en politiek-administratieve omstandigheden, 
zowel op het regionale, nationale als het mondiale niveau. 
De onteigening door de staat van de gemeenschappelijke weidegronden ten behoeve van de 
introductie van bosbouw is daarentegen een voorbeeld van eenzijdige sectorale aanpak die 
met het oog op Natura 2000 niet is aan te bevelen. De onteigeningen zijn begonnen in de 
Serra da Estrela samen met de Serra do Gerês aan het einde van de 19e eeuw als een antwoord 
van de autoriteiten op de landelijke economische neergang in berggebieden. De implementatie 
van deze bospolitiek veroorzaakte direct sociale onrust en indirect het uitbreken van 
bosbranden jaren later tot op de dag van vandaag.  
Om het agrarische bedrijf in onze tijd opnieuw economisch levensvatbaar te maken, wordt op 
basis van de ervaringen uit het verleden, gesuggereerd dat een fundamentele verandering 
nodig is in denken om te komen tot transsectorale samenwerking op regionaal, nationaal en 
mondiaal niveau. Mogelijkheden, om de landbouw financieel wederom levensvatbaar te 
maken en een plaats terug te geven naast de nieuwe economische activiteiten in de Serra da 
Estrela, kunnen misschien gevonden worden door het Natura 2000-beheer te koppelen aan de 
levering van ecosysteemdiensten die gehandhaafd en verzorgd worden door de agrarische 
sector. De traditionele landbouw levert naast landbouwproducten andere goederen en diensten 
ondermeer een aantrekkelijk landschap en ze voorkomt ook bos- en heidebranden. Deze 
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goederen en diensten zijn van belang voor iedereen in de regio. Wanneer belanghebbenden 
bereid gevonden worden deze in monetaire zin te waarderen zou er voor boeren en herders 
weer een gezonde sociaal-economische basis gelegd kunnen worden. 
 
Natura 2000 als een ‘nieuwe common’? 
 
Het proefschrift stelt vast dat de commons in de Serra da Estrela belangrijke half-natuurlijke 
habitattypen hebben opgeleverd. Ook hebben de commons bedoeld of onbedoeld 
verschillende natuurlijke habitats weten te handhaven, hoewel overexploitatie ertoe heeft 
geleid dat vrijwel alle natuurlijke bossen zijn verdwenen. Aan dit traditionele landschap van 
de Serra da Estrela zijn meerdere ecosysteemdiensten verbonden. In dit verband zouden zowel 
de ‘goede’ als de ‘slechte’ ervaringen van deze traditionele commons, aanwijzingen kunnen 
geven voor het beheer en het meervoudig gebruik van Natura 2000 door verschillende partijen 
en de interactie met publieke en private grondbezitters. Aangezien een belangrijk deel, zo niet 
het grootste deel van de Natura 2000 habitats in de Serra da Estrela is gelegen in de commons, 
die beheerd werden door de commoners en voornamelijk gebruikt werden als outfields in de 
traditionele landbouw, rijst in de eerste plaats de vraag of Natura 2000 in deze commons niet 
dienovereenkomstig kan worden beheerd. Een deel van de Natura 2000-habitattypen is echter 
gelegen op particuliere en publieke gronden (van regionale of nationale overheden), waardoor 
nog een andere vraag naar voren komt, namelijk of het gebruik van natuurlijke hulpbronnen 
als een bundel van afzonderlijke rechten los van de eigendomsrechten verdere kansen zou 
bieden voor het beheer van Natura 2000. Dit proefschrift geeft op deze vragen geen 
definitieve antwoorden maar geeft wel opties voor verder onderzoek. 
Dit proefschrift biedt een mogelijk scenario waarin de moderne belanghebbenden de 
traditionele boeren zouden kunnen waarderen als bondgenoten in het beheer van de 
natuurlijke en half-natuurlijke bronnen en hen ook monetair belonen voor het instand houden 
van ecosysteemdiensten. Op deze manier zou Natura 2000 beschouwd kunnen worden als een 
‘nieuwe common’. Het voorbeeld van de Serra da Estrela onderstreept het belang van het 
herevalueren van het traditionele agrarische bedrijf en van de commons, die in Europa in 
recente tijd op grote schaal verdwenen, waardoor de biodiversiteit, maar ook andere 
ecosysteemgoederen en -diensten, zijn aangetast. Het voorbeeld van de Serra da Estrela toont 
ook aan dat Natura 2000 een stap voorwaarts kan zijn in het tegengaan van het verlies van 
biodiversiteit, op voorwaarde dat het veranderende samenspel van de economische, politiek-
bestuurlijke en klimatologische omstandigheden, de doelstellingen van Natura 2000 blijft 
ondersteunen. 
Aangezien dit samenspel aan verandering onderhevig is, wordt vastgesteld dat Natura 2000 
niet inert kan blijven, maar moet anticiperen op toekomstige veranderingen, zowel op 
regionaal als op bredere schaal. In dit verband kunnen de ‘nieuwe Natura 2000 commons’, net 
als de traditionele commons dat deden, lokale problemen signaleren en bespreken, 
oplossingen voorstellen, ‘best practices’ voortbrengen, enz. om daarmee adequaat te kunnen 
reageren op bredere sociaal-economische en klimatologische ontwikkelingen. Deze lokale 
ervaringen kunnen omgekeerd worden gebruikt door bestuursinstellingen op nationaal of 
Europees niveau. Natura 2000 zou kunnen functioneren als een gemeenschappelijke motor 
voor lokale sociaal-economische duurzame ontwikkeling en zo de lokale behoeften binnen de 
Natura 2000-gebieden en de diverse externe behoeften aan ecosysteemdiensten met elkaar in 
evenwicht kunnen brengen. Deze diensten omvatten in de Serra da Estrela de positieve 
externaliteiten van de traditionele landbouw en de nieuwe externaliteiten van natuurlijke 
bosontwikkeling, zoals koolstofopslag, bodemvorming en -retentie, klimaatregeling, 
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regulering van de water- en voedselkringloop, behoud van biodiversiteit en verschaffing van  
recreatie-faciliteiten, enz. 
Het wordt aanbevolen om de classificatie van de Natura 2000-habitattypen uit te werken en 
aan te passen aan de laatste stand van zaken in de plantensociologie, zowel op Europese als op 
regionale schaal. Regionale varianten, maar ook andere (bedreigde) biotopen op Europese 
schaal die niet op de lijst van habitattypen voorkomen kunnen worden voorgesteld om te 
worden opgenomen in het Natura 2000 systeem. Ook kunnen de effecten van de 
klimaatverandering afwijken per regio en per leefgebied en dat vereist maatregelen op maat 
om de effecten op regionale schaal tegen te gaan. In dat opzicht biedt de buitengewone 
geografische ligging van de Serra da Estrela als het meest zuidwestelijke hoge gebergte in 
Europa mogelijkheden om de respons van Natura 2000-habitattypen op de huidige 
klimaatverandering beter te duiden. Met name in gebieden waar endemische soorten en 
habitattypen zijn geconcentreerd, wordt een verfijning van de Natura 2000 biogeografische 
regio's voorgesteld in kleinere maateenheden met elk een eigen pakket aan maatregelen. Een 
voorbeeld van een dergelijke verfijning zou het plantengeografische district Serra da Estrela 
kunnen zijn. 
Het is nog niet bekend hoe de nieuwe aanpak van Natura 2000 als een „moderne common‟ - in 
de zin dat alle belanghebbenden zowel private partijen, overheden, en burgers in wisselende 
samenstelling als bondgenoten samenwerken - zal uitwerken voor de toekomst van de 
natuurlijke hulpbronnen en de regeneratie van ecosysteemdiensten. Maar het zou misschien 
wel de meest doeltreffende manier kunnen zijn om aan een complex gebied zoals de Serra da 
Estrela, evenals andere vergelijkbare Natura 2000-gebieden elders in Europa optimaal te 
beheren onder de nieuwe sociaal-economische omstandigheden. 
 
Resumé in 13 rasse schreden  
 
Deze studie kort samenvattend kan gesteld worden dat: 
 
1) het plantensociologisch onderzoek kennisleemten in Natura 2000-habitattypen dicht, 
waardoor de beoordeling van hun staat van instandhouding betrouwbaarder wordt en de 
beheerders beter weten wat de kostbaarheden zijn die ze dienen te beheren. 
 
(2) het totale percentage van alle 40 habitattypen in de Serra da Estrela met een gunstige staat 
van instandhouding wordt geschat op 32, 5 %, hetgeen bijna twee keer zoveel is als de aan de 
Europese Commissie gemelde 17% van alle 216 typen in de gehele EU; 
 
(3) het percentage met een gunstige staat van instandhouding van de negen halfnatuurlijke 
typen in de Serra da Estrela die afhankelijk zijn van extensieve landbouw wordt geschat op 
55, 5 %, hetgeen een nog schrijnender contrast vormt met de 0 % voor deze negen typen in de 
EU als geheel; 
 
(4) een mozaïek van half-natuurlijke habitattypen in combinatie met natuurlijke habitattypen 
de beste mogelijkheden biedt om te voldoen aan alle Natura 2000 doelen; 
 
(5) de habitattypen grotendeels in de commons liggen die gebruikt en onderhouden werden 
door boeren en herders; 
 
(6) in het algemeen alle habitattypen het best beschermd kunnen worden door traditionele 
landbouw; 
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(7) door natuurlijke bosontwikkeling de natuurlijke habitattypen verbeterd kunnen worden; 
 
(8) de economische basis voor traditionele landbouw is verdwenen en daarmee de beste 
bescherming van de habitattypen; 
 
(9) subsidies weliswaar kunnen bijdragen aan de Natura 2000 doelen maar dat op de langere 
duur het beheer van Natura 2000 uiteindelijk alleen maar efficiënt kan zijn, wanneer er een 
sociaal-economische drager voor is; 
 
(10) door de geschiedenis van de vegetatie, het landgebruik en de organisatiestructuur van het 
gebied te bestuderen er nieuwe visies geformuleerd kunnen worden om de eisen van 
natuurbeheer met de nieuwe vormen van landgebruik en organisatiestructuur in een 
veranderde en veranderende wereld met elkaar te verzoenen; 
 
(11) daarom Natura 2000 beter beschouwd kan worden als een werk in uitvoering dan een 
volledig uitgewerkte doctrine; 
 
(12) door het concept om Natura 2000 te beschouwen als een „moderne common‟ met nieuwe 
stakeholders, een stap is gezet op een mogelijk succesvolle nieuwe weg om de natuurlijke 
hulpbronnen en geassocieerde ecosysteemdiensten duurzaam te benutten en daarmee tevens 
de sociaal-economische basis voor traditionele landbouw te herstellen; 
 
(13) deze nieuwe modus nog veel studie behoeft waarbij meerdere disciplines betrokken 
dienen te worden. 
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Pim, Jacqueline, Peter, Gerard en Karin thank you so much for that experience and the nice 
times in 1989. Also a warm-hearted ‘thank you’ for the 'corbadstof-coroja team’ Arjan 
Niessen & Lucas Bezembinder and the whole group of the ‘Lab Pal & Pal’ who has been 
visiting the Estrela more than once and with whom we shared a good time. I wish to thank 
especially Prof. Roel Janssen, Peter Hoen, Dr. Pim van der Knaap, Jacqueline van Leeuwen, 
Hanneke Bos, Dr. Hans Joosten, Dr. José Mateus, Dr. Paula Queiroz, Tom van Druten, the 
late Ben Paffen, Ruud Lutgerink en Marlies Marbus. 
 Over time, many other people visited us in the field and I really appreciate the various 
discussions we had and their trust in me. I thank the participants of the excursion which I was 
allowed to lead during the Seminário Técnico in 1992 (PNSE 1993: p. 103-104). Furthermore 
‘vielen Dank’ for the group of students of the Universität Bielefeld led by Prof. Siegmar-
Walter Breckle and Prof. Helena Freitas on the day that I unexpectedly had to replace Prof. 
Paiva during the botanical excursion in 1994. Thanks are also due to the participants of the 
eight-day excursion that I organised in 1993 for a group of friends of the PKN, including Prof. 
Victor Westhoff and his life companion Nettie Westhoff-de Joncheere. In particular I have to 
praise all for keeping up the spirit as each day it was raining cats and dogs, except the day we 
left: clear blue sky! I am very glad that Victor was able to visit the Serra a second time after 
the excursion of the Department in 1974 (Jongman 1982), although both times the weather 
was very harsh. It is a miracle that under these circumstances Huub van Melick and Dr. Henk 
Greven could collect some new bryophyte species for Portugal (Greven & Van Melick 1994, 
Sergio et al 1994b, 1994c). In the unpublished report of this botanical excursion Jan Hermans 
could list 373 vascular plant species. Nettie, Adrienne, Caroline, Henk, Harrie, Huub, Jan, 
Joop, Marcel, Mariken, Sandra en Stephan zeer bedankt voor jullie bezoek, de discussies in 
het veld en de avonden in Casa Jones met als één van de hoogtepunten het Eurovisie 
Plantenfestival waarbij Cistus ladanifer glansrijk eerste werd, Linaria elegans goede tweede 
en Fritillaria lusitanica knappe derde. I wish to thank the students of the Universität 
Lüneburg that participated in the fortnight’s course in the Serra in 1999 during which Dr. 
Jürgen Dengler discovered a new species for Portugal. Andrea, Andreas, Anika, Bianca, 
Birgit, Birte, Heike, Helgard, Ilona, Melanie, Nadine, Swantje, Thomas, Urs and Yanna: 
Danke ‘Vielmaus’. Ihr nahmt trotz aller Warnungen das Wagnis Portugal auf euch und habt 
euch tapfer gehalten und immer gute Laune gehabt! Vielen dank auch für den Reader der 
Exkursion (Lühmann et al. 1999). To the participants of the AEFA-ALFA excursion (Rivas 
Martínez et al. 2000) for which I was honoured to assist I say ‘obrigado’ and ‘muchas 
gracias’. 
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 Regular visitors in the field were Dr. Cécilia Sérgio and Dr. Cesar Garcia of the Jardim 
Botânico (Lisboa). Also Pieter van den Boom joined us several times. Prof. Gonçalo Vieira, 
Prof. António de Brum Ferreira, Prof. Maria João Alcoforado, Dr. Carla Mora, Dr. Henrique 
Aldrade, Dr. Maria Manuel Gouveia and Prof. Suzanne Daveau of the Centro de Estudos 
Geográficos (Lisboa) taught me a lot about the geomorphology and climate of the Serra. In 
particular Gonçalo and Carla, thank you for your friendship and hospitality and for the 
inspiring discussions about geobotanical and bioclimatological issues, both in the field and at 
home. Dr. Narciso Rodrigues Ferreira (Laboratório Nacional de Energia e Geologia) showed 
me interesting aspects of the geology during several excursions. Prof. Jorge Paiva visited me 
at least once a year with his collectors of the herbarium. Especially Arménio Matos did a very 
good job as a collector. After gathering a number of interesting plants Elvira and I often 
enjoyed a delicious „cabrito‟ or „chanfana‟ in Sabugueiro while discussing future plans. 
Angelina Barbosa, António Correia and Jacinto Diamantino were always excellent 
companions. They informed us about interesting sites to visit and other practical knowledge. 
The late Dr. Lucas Batista informed us about the history of land use in and around Manteigas. 
We will always remember his lively discourses on toponomy and his useful early ideas about 
converting the old textile factory and the adjacent forest with giant Chestnuts into an 
agglomeraton of a museum, a visitor centre, the Park‟s office, a botanical garden, a site for 
pick-nicking and the starting point of nature walks. Being a companion of Rui Rufino and 
Renato Neves on our way to search for the Bluethroat in the „Red Shark‟, the old Romanian 
jeep of ICN, was an unforgettable event and we became very good friends. Prof. Carsten 
Hobohm and Dr. Uta Herdeg (Naturmuseum Lüneburg) took us on the longest track we ever 
walked in the Serra. We could endure this challenge because of their amiable company. 
Henceforth, this encouraged us to explore more remote areas. Dr. Ana Séneca and Prof. 
Francisco Barreto Caldas from the University of Porto joined us several times and on one 
occasion the former chauffeur of the late Prof. Rozeira, José Loureiro Martins was still able to 
indicate the site of Lycopodium clavatum, which is the only known site in Portugal. From the 
Universidade de Lisboa I acknowledge especially Prof. Fernando Catarino, Prof. Ana Isabel 
Correia, Prof. Maria José Boavida and Dr. Pedro Moreira, who all in their specialised field 
added to my comprehension of the various aspects of biology. With Prof. António Queirós 
(Universidade de Coimbra), Dr. António Manuel de Lemos Santos (Manteigas) and Dr. 
António João Veloso (Turismo Cultural e Natural – TCN Gest) I broadened my view on the 
socio-economic and cultural aspects of the region. Improvement of my taxonomic knowledge 
came from Dr. Miguel Sequeira, Prof. Carsten Hobohm, Daniel Tyteca (Université Catholique 
de Louvain), Dr. Christian Berg and Prof. Gabriele Berg (Universität Graz), Dr. José Manuel 
Grosso-Silva (CIBIO Porto) and Prof. Inés Alvarez Fernández, Dr. Miguel Angel García, Dr. 
Leopoldo Medina Domingo (all from CSIC). Contemplations on heathland-based farming and 
herding were shared with Dr. Herbert Diemont, Prof. Peter Kaland (Universitetet i Bergen) 
and Svein Haaland. 
 I kindly acknowledge all of you for the discussions we have had in the field, the lessons I 
learned and the wonderful time we shared. 
 Fruitful discussions with numerous colleagues during congresses and correspondence 
widened my view on the vegetation of the Iberian Peninsula. For this I would like to thank, in 
alphabetical order, the following persons in particular: Dr. Carlos Aguiar (Escola Superior 
Agrária de Bragança), Dr. João Alves (ICNB), Dr. Pedro Ivo Arriegas (ICNB), Dr. Pedro 
Arsénio (ISA), Prof. Idoia Biurrun (Universidad del Pais Vasco), Dr. Jorge Capelo (Estação 
Florestal Nacional Lisboa), Dr. João Paulo Carvalho (UTAD Vila Real), the late Dr. Santiago 
Castroviejo (CSIC), Dr. José Carlos Costa and Prof. Dalila Espírito-Santo (both ISA), Prof. 
Ulrich Deil, Dr. Carlos Farinha (ICNB), Prof. Mercedes Herrera (Universidad del Pais 
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Vasco), Prof. Carsten Hobohm, Prof. João Honrado (CIBIO Porto), Dr. Pim van der Knaap 
(Universität Bern), Dr. Oscar Knoblich (ICNB), Prof. Javier Loidi (Universidad del Pais 
Vasco), Prof. Carlos Neto (Universidade de Lisboa), Dr. Tiago Pais (ASE), Raymond 
Schrijver (LEI), Prof. Salvador Rivas-Martínez (Universidad Complutense Madrid),  
Fernando Romão (Turistrela), Prof. Daniel Sánchez-Mata (Universidad Complutense 
Madrid), Dr. Santiago Sardinero (Universidad de Castilla-La Mancha), Prof. Miguel Sequeira, 
Dr. João Pedro Silva (Brussels), Gert and Toon Verrijdt (Ervedal da Beira). 
 At the Department of Experimental Plant Ecology I could always count on José 
Broekmans, Harry van de Steeg, Gerard Bögemann, Dr. Eric Visser and later also Prof. Hans 
de Kroon and Dr. Eelke Jongejans. I owe special thanks to Paul Vervuren who already made 
the website about the Serra da Estrela in 1999 and to Dr. Eelke Jongejans who continued 
updating my list of publications on the site. Als many thanks to Simone Beurskens, Dr. 
Ronald Pierik, Dr. Liesje Mommer, Dr. John Lenssen, Dr. Werner van Eck and Dr. Ruud 
Nabben for their good fellowship. All other colleagues of our group, the Department of 
Aquatic Ecology, the Bargerveen Foundation and the Department of Soil Science have 
contributed to a motivating ambience. In particular I want to thank Prof. Jan Roelofs, Dr. Lex 
Kempers, Dr. Leon Lamers, Dr. Dries Boxman, the late Hans Esselink, Marijn Nijssen, Jan 
Kuper, Dr. Gert-Jan van Duinen, Maarten Geertsema, Bas Boonen, Albert Corporaal and Dr. 
Frits van Beusekom for the useful discussions. 
 We thank all the employees of the Parque Natural da Serra da Estrela for their hospitality: 
Angelina Barbosa, António Correia, António Perpétua, Carlos Amaro, Carlos Lau, Célia 
Pereira, the late Eduardo Osório, Fatima Neves, Felisbela Nogueira, the late Fernando Matos, 
Jacinto Diamantino, João Roque, Joaquim Abranches, Joaquim Neves, Jorge Coimbra, Jorge 
Costa, the late José António, José Manuel, José Maria, José Pinto, José Riquinho, Madalena 
Saraiva, Maria da Paz, the late Maria Estela, Miguel Kripphal, Nuno Santos, Olinda Morais, 
Rafael Neiva, Teresa Lopes and Orlanda. 
 The last period of our stay in the Serra, Elvira and I were allowed to stay at Casa Jones. 
Here the facilities were optimal for working. We were very well taken care of by our nice 
neighbours José Riquinho and Deolinda. Sunday afternoon in particular used to be very 
pleasant when we were often invited to join a meal with their musical friends of ‘Os narcisos’. 
We thank also our distant neighbours, family Direito of the farmhouse Covão de Santa Maria 
and Maria José Garcez of the Pousada de São Lourenço for their cordial hospitality. 
 I greatly acknowledge and honour all the shepherds and traditional farmers of the Serra da 
Estrela for their perseverance in maintaining the landscape and its biodiversity for so long. 
 I hope that also in future we are able to answer positively to the question posed in the 2006 
movie of Jorge Pelicano on sheep herding in the Serra da Estrela, ‘Ainda há pastores?’ (‘Are 
there still sheperds?’). 
Thanks and love, 
Jan Jansen, Nijmegen, June 2011  
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Terraced landscape near Loriga 
 
 
Narcissus pseudonarcissus subsp. nobilis in 1996 in a meadow (now a micro-reserve) in Prados 
244
Acknowledgements
245 
 
Curriculum Vitae11 
Op 6 juni 1953 ben ik geboren in Almelo. Deze gemeente is groot geworden dankzij de 
textielindustrie, net als de plaatsen rondom de Serra da Estrela. Mijn prille ervaringen met 
half-natuurlijke biotopen deed ik op in Vriezenveen waar ik als kleine jongen in het open 
boerenland over slootjes sprong, in de hooiberg speelde en glimmend rode appeltjes 
verzamelde in het groene gras van de boomgaard. 
 In Apeldoorn, dat omgeven was door bossen, ervoer ik als 7-jarige bijna dagelijks de 
‘wildernis’. Ik kreeg plezier in boompje klimmen, indiaantje spelen op het ‘suikerbergje’ 
(waar nu het belastingkantoor staat) en heideplanten verzamelen voor mijn tuintje. Dat tuintje 
kreeg ik van mijn vader die erg van tuinieren hield en daarmee ook prijzen won. Met mijn 
familie ging ik er regelmatig op uit om zwijnen en ander wild te kijken. We plukten bosbessen 
en met mijn broer raapte ik eikels om ze voor 2 cent per kilo te verkopen aan de 
kroondomeinen die ze weer gebruikte om de zwijnen en ander wild te voeren. Ik plukte voor 
het eerst een groot veldboeket voor mijn moeder tijdens een schoolreisje in het Wisselsche 
Veen. Mijn ouders zagen dat ik van de natuur hield en meldden me aan bij de padvinderij. Het 
clubhuis stond in de bossen van de kroondomeinen, op steenworp afstand van paleis Het Loo. 
De NJN was toen helaas bij mijn ouders en bij mij niet bekend. 
 In Winterswijk doorliep ik de laatste twee klassen van de lagere school en ging ik voor het 
eerst naar het lyceum. In mijn vrije tijd maakte ik met mijn leraar geografie excursies naar 
steengroeves om fossielen te zoeken. Ook ging ik graag naar gebieden als Bekendelle en het 
Korenburgerveen. 
 Al vroeg verhuisde ik naar Deventer waar ik eind jaren zestig gegrepen werd door de 
‘flower power’, de ideeën van de Kabouters en het doemscenario van de Club van Rome. Het 
stadsleven trok en de aandacht voor de natuur verslapte en ook de lessen biologie gingen toen 
zelden of nooit over het veld. Na in 1971 mijn diploma HBS-A gehaald te hebben wist ik niet 
goed wat te doen. Ik probeerde een studie psychologie, een opleiding tot bibliothecaris en 
werkte bij verschillende bedrijven. Pas in militaire dienst tijdens een oefening op de 
Lüneburger Heide kwamen herinneringen boven aan de tijd in Apeldoorn en Winterswijk en 
rijpte het idee om ‘iets met bosbouw’ te doen. Daarom volgde ik de avondopleiding 
Athenaeum B en werkte mee in een bosgroep van de gemeente Deventer totdat ik het boek 
Wilde Planten onder ogen kreeg en in contact kwam met het gedachtegoed van professor 
Victor Westhoff, waardoor mijn jeugd weer op haar plek viel. Toen wist ik het zeker en 
besloot om biologie te gaan studeren aan de Katholieke Universteit Nijmegen waar Victor 
professor was, om zo lessen van hem te krijgen in de geobotanie. 
 Na mijn kandidaatsexamen in 1983 was Victor echter niet meer aangesteld als hoogleraar. 
Daarom koos ik als onderzoeksthema ‘zure regen’ bij het team van Jan Roelofs (Aquatische 
Ecologie) en Lex Kempers (Bodemkunde). Hier leerde ik de abiotische kanten van het 
ecologische onderzoek, zowel in het veld als in het laboratorium. Het eerste peer-reviewed 
artikel, geschreven met Jan Roelofs, Lex Kempers en Anneke Houdijk, zou jarenlang het 
meest gerefereerde artikel blijven van de vakgroep. Na de bijvakken Aquatische Ecologie en 
Bodemkunde kreeg ik alsnog de gelegenheid om ‘wilde planten’ te bestuderen voor mijn 
hoofdvak Geobotanie onder de supervisie van Kees Blom én Victor Westhoff. Aanvankelijk 
in het kader van een dissertatie van Stephan Hennekens en Joop Schaminée en een jaar later 
in het kader van een zelfstandig onderzoeksproject ging ik naar Frankrijk om in de hoogste 
                                                             
11 Een uitgebreid CV is beschikbaar op de website van LinkedIn. 
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delen van de Monts du Forez, bossen en struwelen te onderzoeken. Na in 1988 ‘met 
genoegen’ te zijn afgestudeerd bleef ik sterk gemotiveerd om verder te komen in de 
plantensociologie, ook al viel er geen droog brood mee te verdienen. Daarom bleef ik tot 1989 
assisteren bij het dissertatieonderzoek in Frankrijk. 
 In datzelfde jaar werd ik uitgenodigd door professor Roel Janssen van de Rijksuniversiteit 
Utrecht om in het kader van het project ‘Europese Middelgebergten’ mee te werken aan een 
vegetatiekartering in de Serra da Estrela onder leiding van dr. Pim van der Knaap die ook 
Joop en Stephan wegwijs had gemaakt in de Monts du Forez. Ik rook mijn kans. Al snel werd 
duidelijk dat in de Serra veel kennis ontbrak voor een goed natuurbeheer. Dankzij een Duitse 
beurs van de Reinhold- und Johanna-Tüxen-Stiftung kon ik in Portugal ‘echt’ vegetatiekundig 
onderzoek doen terwijl ik in Nederland meewerkte aan het project ‘De Vegetatie van 
Nederland’. In de aanloop naar dat laatste project was ik in de winter van 1989-1990 gastheer 
van een kleine groep ‘Westhoffianen’ die in mijn appartement een reeks lezingen door Victor 
Westhoff kwamen bijwonen. Deze lezingen vormden de theoretische basis voor deel 1 van dat 
standaardwerk. 
 Tijdens mijn verblijf in de Serra da Estrela werd ik in 1992 door de autoriteiten van het 
natuurpark gevraagd om een excursie te leiden voor biologen afkomstig van een aantal 
verschillende Portugese universiteiten. Dat aanbod heb ik uiteraard meteen aanvaard. Van 
1994 tot 1998 werd ik door het Parque Natural da Serra da Estrela in staat gesteld veldwerk te 
verrichten en in 1996 werd ik door de Universiteit van Lissabon gevraagd om het gebied te 
inventariseren in het kader van Natura 2000. In de periode 1991-1998 heb ik in de 
vakantietijd veel veldwerk kunnen verrichten en meer dan 1500 opnamen gemaakt van de 
meest uiteenlopende biotopen in de Serra da Estrela. Samen met Elvira, mijn toenmalige 
vriendin en huidige echtgenote, heb ik toen een ongelooflijk mooie paradijselijke tijd gehad 
van wonderbaarlijke ontdekkingen in de natuur op ‘de schedel van Portugal’, zoals de Serra 
door professor Josias Braun-Blanquet, beroemd plantensocioloog en leraar van Victor, 
genoemd is. 
 Na onderzoeksklussen in Nederland en het werk bij het project ‘De Vegetatie van 
Nederland’ ontstond in 1998 ook de mogelijkheid om voor de Stichting Bargerveen en in 
1999 om voor de provincie Noord-Brabant te werken én als adviseur voor het ICN, het 
Portugese Instituut voor Natuurbehoud. 
 Ondertussen was al het idee ontstaan om het onderzoek in Portugal tot thema van een 
dissertatie te maken om het zo meer gewicht te geven. Na 1998 konden we echter geen 
gebruik meer maken van de faciliteiten van het natuurpark. Daarom investeerde ik enorm in 
mijn nieuwe betaalde baan bij de provincie en probeerde daar allerlei extra intiatieven te 
nemen, zoals o.a. het opstarten van de projecten 'Het Paarse Landschap', de 'Steffenberg', 
'Vooruit op het Zand', 'Flying Flocks Groene Woud', bijdragen aan de 'Visie kernwaarden en 
gedragsregels provincie', de Duurzaamheidsbalans Noord-Brabant (Telos) en aan de EU-
projecten LIFESCAPE, HEATH en NATURE in DEFENCE, het opstellen van het rapport 
Natuurkwaliteit droge ecosystemen Budel-Dorpplein (ABdK), onderzoek/evaluatie Dommel 
en Tungelroysche beek (ABdK),  het opstellen van het allereerste overzicht van Natura 2000-
habitat-typen van Brabant, etc. Daarnaast kreeg ik, vooral door in te spelen op Europese 
projecten met Noorwegen, wel de steun om met het ICN andere activititeiten te ontplooien. 
Als gevolg van deze drukke agenda bleek het niet mogelijk om de dissertatie bevredigend af 
te ronden. Daarom besloot ik mijn Pro Deo activiteiten voor de Stichting Bargerveen te 
staken om tijd vrij te maken en mijn kennis van de Serra eveneens Pro Deo op te schrijven in 
het boek Geobotanical guide of the Serra da Estrela. Door de tomeloze inzet van Angelina 
Barbosa kon de druk (in twee talen) gefinancierd worden door de Portugese overheid en de 
EU. Het boek is speciaal bedoeld voor natuurliefhebbers, studenten, medewerkers van het 
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park en de overheid. Bij het schrijven kreeg ik nuttige wenken van Victor Westhoff. Het 
inmiddels uitverkochte boek is wel eens omschreven als de beste natuurgids ooit in Portugal 
verschenen (Prof. Fernando Catarino in: Público & LPN (eds) 2007 Árvores e Florestas de 
Portugal, Vol. 5, p. 126) en door Pim van der Knaap wel getypeerd als ‘een soort uitgebreid 
proefschrift ontdaan van alles wat het onleesbaar maakt voor de geïnteresseerde leek’.  
 Pas toen er in 2006 op wrede wijze een voor mij en mijn collega's niet te begrijpen einde 
kwam aan mijn werkzaamheden voor de provincie en ik vervolgens een half jaar later puur 
om gezondheidsredenen ook met pijn in mijn hart het door mij zo geprefereerde veldwerk bij 
mijn nieuwe werkgever Bureau Altenburg & Wymenga noodgedwongen moest neerleggen, 
pikte ik na de moeilijkse periode in mijn leven tot nu toe, het idee weer op om een proefschrift 
te schrijven.  
 Het resultaat ligt hier voor u. 
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Appendix 1
Datensammlung Thlaspietea-Aufnahmen 
 
I      Tabelle-Nummer 
II     Laufende Nummer 
III    Jahr 
IV     Monat 
V      Tag 
VI     Aufnahmefläche (m2) 
VII    Universal Transverse Mercator grid System code 
VIII   Höhe, m. ü. M. (m) 
IX     Exposition (º) 
X      Neigung (º) 
XI     Totaler Deckungsgrad (%) 
XII    Artenzahl 
 
Trisetum hispidum-Dominanzgesellschaft 
 
I  II  III  IV V     VI         VII           VIII IX  X   XI XII 
01 486 1996 06 02    6.00 29-T-PE-227  -696   1060 145 25  70 10 
02 331 1994 08 11   20.00 29-T-PE-204  -677   1715 170 15  40 15 
03 329 1994 08 11   20.00 29-T-PE-209  -674   1570 190 15  45 20 
04 328 1994 08 11   25.00 29-T-PE-208  -675   1580 120 10  40 22 
 
Sileno foetidae-Rumicetum suffruticosi 
 
05 314 1994 08 05   25.00 29-T-PE-196  -644   1800  20 35  15 11 
06 323 1994 08 07   20.00 29-T-PE-185  -659   1840  40 30  10 12 
07 288 1994 08 01   15.00 29-T-PE-185  -642   1850  30 40  20 11 
08 311 1994 08 05   20.00 29-T-PE-193  -645   1870  50 25  15 16 
09 315 1994 08 05   25.00 29-T-PE-196  -644   1785  20 30  25 10 
10 140 1991 07 07   30.00 29-T-PE-191  -649   1870 270 10  25 16 
11 302 1994 08 03   25.00 29-T-PE-185  -636   1835  80 30  50 18 
12 194 1992 07 06   40.00 29-T-PE-185  -668   1700  67 40  60 20 
13 181 1992 07 03   50.00 29-T-PE-193  -645   1875  67 35  25 37 
14 273 1994 07 28   30.00 29-T-PE-193  -647   1880  80 30  40 12 
15 274 1994 07 28   25.00 29-T-PE-193  -647   1875  80 40  35 20 
16 226 1992 07 13   60.00 29-T-PE-193  -649   1850  67 25  40 27 
17  97 1991 06 25   50.00 29-T-PE-187  -635   1790  45 40  10 16 
18 297 1994 08 03   30.00 29-T-PE-185  -636   1835 355 40  20  8 
19 209 1992 07 08  100.00 29-T-PE-193  -648   1840  67 35  40 28 
20 183 1992 07 03  100.00 29-T-PE-193  -648   1870  90 25  30 22 
21 348 1994 08 16   20.00 29-T-PE-192  -649   1845  80 30  30 10 
22 201 1992 07 08  100.00 29-T-PE-193  -648   1860  90 35  35 17 
23 205 1992 07 08   50.00 29-T-PE-194  -649   1825  67 35  45 28 
24  98 1991 06 25   50.00 29-T-PE-187  -635   1780 360 35  20 15 
25 296 1994 08 03   30.00 29-T-PE-185  -636   1835 360 38  30  9 
26 293 1994 08 03   30.00 29-T-PE-185  -636   1845  20 38  25 11 
27 295 1994 08 03   30.00 29-T-PE-185  -636   1840  15 38  20 10 
28 294 1994 08 03   16.00 29-T-PE-185  -636   1845  15 38  20 10 
29 207 1992 07 08   30.00 29-T-PE-194  -649   1815  67 45  30 30 
30  99 1991 06 25   50.00 29-T-PE-187  -635   1785 337 35  15 18 
31 208 1992 07 08   50.00 29-T-PE-194  -649   1810  45 40  35 28 
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Digitali carpetanae-Leontodontetum bourgaeani 
 
32 289 1994 08 01   15.00 29-T-PE-185  -642   1810  50 35  30 11 
33 304 1994 08 04   10.00 29-T-PE-197  -645   1695  10 35  50 20 
34 300 1994 08 03   15.00 29-T-PE-186  -636   1770  50 35  60 19 
35 299 1994 08 03   15.00 29-T-PE-186  -636   1790  50 35  20 12 
36 301 1994 08 03   20.00 29-T-PE-186  -636   1760  50 35  35 13 
37 267 1994 07 26    9.00 29-T-PE-189  -652   1830  70 45  10 11 
38 298 1994 08 03   20.00 29-T-PE-186  -636   1795  60 35  90 10 
39 318 1994 08 07   10.00 29-T-PE-185  -659   1870  65 30  25 14 
40 319 1994 08 07   20.00 29-T-PE-185  -659   1865  60 25  60 15 
41 320 1994 08 07   20.00 29-T-PE-185  -659   1860  60 20  15  8 
42 321 1994 08 07   10.00 29-T-PE-185  -659   1855  60 30  30 13 
43 324 1994 08 07   10.00 29-T-PE-185  -659   1850  60 25  25 14 
44 322 1994 08 07   10.00 29-T-PE-185  -659   1850 100 30  40 14 
45 326 1994 08 08   15.00 29-T-PE-156  -655   1665  60 15  15 20 
46 342 1994 08 15    8.00 29-T-PE-184  -667   1740  60 20  15 11 
47 270 1994 07 27   25.00 29-T-PE-189  -654   1760  30 01  15  5 
48 285 1994 08 01   15.00 29-T-PE-184  -643   1860  80 35  60 11 
49 287 1994 08 01    6.00 29-T-PE-184  -643   1850  80 40  30 11 
50 286 1994 08 01   25.00 29-T-PE-184  -643   1855  80 35  30 11 
51 271 1994 07 27   25.00 29-T-PE-189  -654   1760  35 10  10  6 
52 272 1994 07 27   50.00 29-T-PE-189  -653   1790  60 15  40 12 
53 284 1994 08 01   30.00 29-T-PE-184  -643   1865  80 30  60 14 
54 283 1994 08 01   15.00 29-T-PE-184  -643   1875  80 30  20 14 
55 290 1994 08 01   16.00 29-T-PE-185  -643   1780  50 35  30 14 
56 350 1994 08 17   20.00 29-T-PE-189  -651   1890  90 20  30 19 
 
Cryptogrammo crispae-Dryopteridetum oreadis 
 
57 184 1992 07 05    1.00 29-T-PE-178  -671   1800  90 25  80 18 
58 197 1992 07 06    3.00 29-T-PE-179  -665   1825  45 25  40 31 
59 332 1994 08 13   20.00 29-T-PE-178  -665   1825  20 20  15 21 
60 334 1994 08 13    4.00 29-T-PE-178  -669   1800  60 20  10 20 
61 335 1994 08 13    1.00 29-T-PE-178  -669   1810  65 15  15 18 
62 336 1994 08 13    1.00 29-T-PE-177  -669   1825  65 05  10 16 
63 345 1994 08 16    9.00 29-T-PE-178  -671   1800  80 15  10 23 
64 346 1994 08 16   10.00 29-T-PE-177  -671   1815 150 15  15 18 
65 347 1994 08 16    4.00 29-T-PE-177  -670   1820  80 25  15 13 
66 433 1995 08 10    2.00 29-T-PE-162  -682   1720  22 15  30 26 
67 434 1995 08 10    4.00 29-T-PE-178  -666   1820 112 30  30  7 
68 617 1996 07 20    6.00 29-T-PE-193  -663   1780  70 40  20 39 
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Chapter 5, Table 2 Violetum langeanae Ortiz & Samaniego 1989 
┌─────────────────────────────|─────────────────────────────────────────────────┐ 
│ Tabellen-Nummer:            |  1 2 3 4 5 6 7 8 9 1 1 │ 1 1 1 1 1 1 1 1 2 2 2  │ 
│                             |                    0 1 │ 2 3 4 5 6 7 8 9 0 1 2  │ 
├─────────────────────────────|─────────────────────────────────────────────────┤ 
│Charakterart der Assoziation:|                        │                        │ 
│ Viola langeana*             |  3 6 3 3 3 3 5 6 4 3 2 │ 3 3 2 3 5 4 3 3 2 2 1  │ 
│Trennarten der Variante mit Galium vivianum:          │                        │ 
│ Galium vivianum             |  . . . 2 2 2 5 2 2 2 2 │ . . . . . . . . . . .  │ 
│ Paronychia polygonifolia*** |  2 3 3 3 6 2 2 2 . 2 2 │ 3 . . . . . . . . . .  │ 
│ Hypochaeris radicata        |  2 3 2 . 2 2 2 . . . 1 │ 2 . . . . . . . . . 1  │ 
│Trennarten der Variante mit Corynephorus canescens:   │                        │ 
│ Corynephorus canescens*     |  . . . . . . . . . . . │ 3 2 6 6 5 5 6 6 3 5 1  │ 
│Trennarten der Subvariante mit Cytisus oromediterraneus:                       │ 
│ Cytisus oromediterraneus    |  . . . . . . . . . . . │ . . . . 5 6 3 5 6 5 6  │ 
│ Cerastium ramosissimum**    |  . . . . . . . . . . . │ . . . . 3 2 3 2 2 . 2  │ 
│ Deschampsia iberica         |  . . . . . . . . . 2 . │ . . . . 2 2 2 3 6 3 5  │ 
│KOELERIO-CORYNEPHORETEA (=*):|                        │                        │ 
│ Arenaria querioides         |  3 6 3 3 3 6 2 6 2 . 5 │ 3 2 2 3 2 . . . 2 3 .  │ 
│ Sedum brevifolium           |  2 3 6 2 3 3 2 3 . 3 5 │ . . 3 3 . . . . . . .  │ 
│ Jasione sessiliflora         |  . 3 3 3 2 2 3 2 . 3 . │ 2 . 3 2 . . . . 2 . 2  │ 
│ Festuca summilusitana       |  2 . . 2 2 2 2 . . . . │ . . . . . . . 2 . 5 6  │ 
│ Conopodium majus            |  . . . . . 2 2 2 . . . │ . . . . . . . . . . .  │ 
│ Avenula marginata Koll.     |  . . . . . . . . . . . │ 3 . 2 3 . . . . . . .  │ 
│ Polytrichum piliferum       |  . . . . . . . . . . 3 │ . . . . 3 2 3 2 5 6 5  │ 
│ Ceratodon purpureus         |  . . . . . . . . . . . │ . 5 . . 2 2 . 2 2 5 3  │ 
│ Coelocaulon aculeatum       |  . . . . . . . . . . 3 │ . 2 . . . . . . . 2 .  │ 
│ Hieracium castellanum       |  . . . 2 . . . . . . . │ . . . 2 . . . . 2 . .  │ 
│TUBERARIETEA (= **):         |                        │                        │ 
│ Agrostis truncatula         |  6 . 6 3 2 3 2 3 2 3 5 │ 3 . 3 3 3 3 3 2 3 5 2  │ 
│ Spergula morisonii          |  . . . . 2 3 . . 2 . . │ 2 2 . . 2 2 2 2 2 2 1  │ 
│ Micropyrum tenellum         |  3 6 3 3 . 6 3 6 3 3 3 │ 3 3 3 3 . . . . . . .  │ 
│ Arnoseris minima            |  2 . . 2 . . . . 5 . 2 │ . 5 . 2 . . . . . . .  │ 
│ Teesdalia nudicaulis        |  2 . . 2 . . . . . . 2 │ . 2 . . . . . . . . 1  │ 
│ Molineriella laevis         |  . . . . . . . . 2 . . │ . . . . 2 . 3 . . . .  │ 
│RUDERALI-SECALIETEA:         |                        │                        │ 
│ Rumex angiocarpus           |  3 2 2 3 . 6 2 2 2 3 2 │ 3 2 3 3 . 6 2 2 2 2 1  │ 
│THLASPIETEA (= ***):         |                        │                        │ 
│ Arrhenatherum cf carpetanum |  . . . . . . . . . 2 . │ . . . . 2 . . . 2 2 2  │ 
│ Linaria saxatilis           |  . . . . . . . . 2 2 . │ 2 . 2 . . . . . . . 1  │ 
│SONSTIGE:                    |                        │                        │ 
│ Agrostis castellana         |  3 . . . . . . . . . . │ 2 . . . . . . . 5 . .  │ 
│ Cytisus sp. (s)             |  . . . . . . . . . . . │ . . . . . 3 3 2 . . .  │ 
└─────────────────────────────┴────────────────────────┴────────────────────────┘ 
Außerdem in weniger als drei Aufnahmen: 
KOELERIO-CORYNEPHORETEA: Cladonia furcata: 21,2, Herniaria scabrida: 8,2. TUBERARIETEA: 
Anthoxanthum aristatum: 9,2, Erophila verna: 5,3, Hispidella hispanica: 13,3, Logfia 
minima: 13,3; 22,1, Ornithogalum concinnum: 13,2; 22,1, Sedum arenarium: 11,3; 16,2, Sedum 
lusitanicum: 13,3. 
RUDERALI-SECALIETEA: Scleranthus polycarpos: 4,2, Corrigiola telephiifolia: 13,2. THLASPIETEA: 
Coincya orophila: 7,2, Digitalis carpetana: 10,2, Phalacrocarpum oppositifolium: 10,2, 
Rumex suffruticosus: 12,2, Senecio caespitosus: 14,2, Trisetum hispidum: 12,2. SONSTIGE: 
Armeria sp.: 22,1, Crocus carpetanus: 17,2; 22,1, Cytisus oromediteraneus Juv.: 10,2; 11,2, 
Cytisus striatus Juv.: 9,2, Dianthus lusitanus: 15,2, Erica arborea: 17,2, Grimmia montana: 
21,2; 22,2, Luzula lactea: 8,2, Murbeckiella boryi: 5,2, Narcissus asturiensis: 17,2, 
Polytrichum juniperinum: 20,2,  Racomitrium heterostichum: 11,2, Ranunculus nigrescens: 4,2; 
8,2, Saccomorpha icmalea: 21,2, Sedum anglicum: 6,2; 8,2, Sesamoides purpurascens: 13,2, 
Spergularia capillacea: 12,2, Trapelia granulosa: 21,2. 
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Datensammlung Violetum langeanae-Aufnahmen 
 
I      Tabelle-Nummer 
II     Laufende Nummer 
III    Jahr 
IV     Monat 
V      Tag 
VI     Aufnahmefläche (m2) 
VII    Universal Transverse Mercator grid System code 
VIII   Höhe, m. ü. M. (m) 
IX     Exposition (°) 
X      Neigung (°) 
XI     Totaler Deckungsgrad (%) 
XII    Artenzahl 
 
I   II    III  IV V     VI         VII           VIII IX  X   XI XII 
01  13008 1989          4.00   - -  -     -      1780 240 30  15 12 
02  13011 1989          4.00   - -  -     -      1850  90 20  25  8 
03  13016 1989          4.00   - -  -     -      1700 180 40  40  9 
04  13009 1989          4.00   - -  -     -      1780 240 30  40 15 
05  13015 1989          4.00   - -  -     -      1700 360 30  30 12 
06  13010 1989          6.00   - -  -     -      1850 240 20  50 14 
07    887 1997 07 10   10.00 29-T-PE-13400-67600 1710 110 30  15 13 
08  13017 1989          4.00   - -  -     -      1700 360 20  30 14 
09    725 1997 05 27    4.00 29-T-PE-24800-68300 1390 160  5  30 12 
10    305 1994 08 04   10.00 29-T-PE-199  -647   1630 360 35  10 14 
11    266 1994 07 24   16.00 29-T-PE-213  -636   1610  80 20  30 16 
 
12  13012 1989          4.00   - -  -     -      1850     30  10 16 
13    717 1997 05 25   10.00 29-T-PE-24900-70400 1290  20 10  45 16 
14  13013 1989          4.00   - -  -     -      1850     30  30 11 
15  13014 1989          4.00   - -  -     -      1550 360 25  20 12 
16    159 1992 06 07  100.00 29-T-PE-209  -614   1750 135  5  20 13 
17    161 1992 06 13  100.00 29-T-PE-210  -626   1690  45 10  45 14 
18    251 1992 07 23  100.00 29-T-PE-210  -624   1735  22  5  30 11 
19    252 1992 07 23  100.00 29-T-PE-209  -624   1730 338  5  35 12 
20    254 1992 07 23  100.00 29-T-PE-210  -624   1720  45  5  60 16 
21    257 1992 07 23   50.00 29-T-PE-208  -624   1730         75 17 
22    127 1991 06 30   50.00 29-T-PE-187  -634   1830 157 10  80 21 
 
Herkunft der vorher publizierte Aufnahmen: Nr. 13008-13017 Ortiz & Samaniego 
1989, Tab. 1; 127-257 Jansen 1994b, Tab. 1). Übrige (unpublizierte) 
Aufnahmen von J. Jansen. 
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Chapter 6, Table 1 Littorelletea in the Serra da Estrela 
+----------------------------------------------------------------------------------+ 
|Table 1 Littorelletea       | A   |             B             |  C  |D |    E     | 
+----------------------------+-----+---------------------------+-----+--+----------| 
| Number in table            |12345|678911111111112222222222333|33333|33|4444444444| 
+----------------------------+-----+---------------------------+-----+--+----------| 
| LITTORELLETEA:             |     |                           |     |  |          | 
| Sparganium angustifolium   |97777|...........................|.....|..|..........| 
| Ranunculus ololeucos       |.....|223568889997999633256677335|.....|..|..........| 
| Antinoria natans           |.22..|..............522...5577778|62...|6.|...8....58| 
| Antinoria agrostidea       |.....|..................95.......|.....|6.|..5.....5.| 
| Potamogeton polygonifolius |.....|....................886....|22925|..|..........| 
| Hypericum elodes           |.....|...........................|88222|..|787.......| 
| Scirpus fluitans            |.....|...........................|52...|89|..5.......| 
| Juncus bulbosus            |.....|........3...222.2967.2.73..|...2.|..|76.2.82955| 
| Juncus heterophyllus       |.....|.........................87|3522.|..|...78.....| 
| Baldellia alpestris        |.....|...........................|...85|..|2....78...| 
| Eleocharis multicaulis     |.....|...........................|.....|..|..7.......| 
| OTHER CLASSES:             |     |                           |     |  |          | 
| Fontinalis antipyretica    |.....|899997667567..5............|.....|..|..........| 
| Fontinalis squamosa        |.....|........2......99..........|.....|..|..........| 
| Scapania undulata          |.....|.222...22.5..2.............|.....|..|..........| 
| Carex nigra                |.....|3..........2.....2.........|.....|..|..........| 
| Sphagnum recurvum complex  |.....|.......52...3..............|.....|..|..........| 
| Drepanocladus fluitans      |.5...|................3559...26..|.....|6.|..2.....86| 
| Sphagnum denticulatum      |.....|.......52.......2..3.2.....|.....|..|........52| 
| Ranunculus cf peltatus     |.....|...........................|2..2.|3.|..5.......| 
+----------------------------------------------------------------------------------+ 
A = BC Sparganium angustifolium-[Littorellion];B = Fontinali-Ranunculetum C = Hyperico-
Potametum D = Scirpetum fluitantis; E = fragments or basal communities. 
In less than 4 relevés: Agrostis canina: 40,2; 41,3.Archidium alternifolium: 38,2; 42,2.
Aulacomnium palustre: 14,2.Bryum pseudotriquetrum: 21,2.Callitriche stagnalis: 33,2; 36,2.
Carex echinata: 40,2; 48,3.Drepanocladus exannulatus: 14,2; 18,7.Drepanocladus sp.: 20,3.
Eleocharis palustris: 24,2; 48,8.Galium palustre: 40,2.Galium sp.: 33,2.Glyceria declinata: 
33,2; 39,2.Gymnocolea inflata: 22,2.Hypericum humifusum: 41,2.Illecebrum verticillatum: 41,2; 
42,2.Juncus acutiflorus: 40,2; 41,3.Juncus articulatus: 24,2.Jungermannia gracillima: 14,2.
Jungermannia sp.: 9,2.Lotus pedunculatus: 41,2.Lythrum portula: 33,2; 39,5; 48,2.Marsupella 
emarginata: 13,2; 14,6.Marsupella sp.: 16,2.Marsupella sphacelata: 9,2.Montia amporitana: 
7,6; 8,2.Myosotis secunda: 45,2.Myosotis sp.: 33,2.Myosotis stolonifera: 7,8; 41,3.Philonotis 
seriata: 48,2.Pohlia elongata: 9,2.Polytrichum commune: 14,2; 25,2; 48,2.Racomitrium 
hespericum: 16,2.Ranunculus flammula: 33,3; 40,5.Ranunculus omiophyllus: 41,2; 45,2; 46,2.
Salix salviifolia (j): 48,2.Sphagnum capillifolium: 14,2.Sphagnum cf cuspidatum: 29,6.Sphagnum 
compactum: 14,2.Sphagnum sp.: 19,2; 20,2; 41,5.Sphagnum subsecundum s.l.: 18,3.Veronica 
langei: 6,5; 17,2.Veronica scutellata: 33,3; 36,2; 40,2.Viola palustris: 41,2. 
 
Table nr., running nr., year, month, utm 29TPE (* = 29TNF in stead), altitude (m). 
 
01 624 96 7 178-665 1845|02 625 96 7 184-663 1845|03 628 96 7 185-663 1845 
04 627 96 7 185-663 1845|05-888 97 7 170-660 1740|06 393 95 8 174-636 1895 
07 441 95 8 171-640 1870|08 361 95 7 189-647 1870|09 383 95 7 173-642 1915 
10 442 95 8 171-640 1870|11 363 95 7 189-647 1870|12 364 95 7 189-647 1870 
13 371 95 7 143-684 1605|14 372 95 7 143-684 1605|15 382 95 7 174-642 1920 
16 391 95 7 157-655 1660|17 394 95 8 174-636 1895|18 452 95 8 171-675 1820 
19 413 95 8 172-663 1765|20 415 95 8 171-663 1750|21 430 95 8 159-702 1570 
22 375 95 7 193-656 1620|23 366 95 7 189-647 1870|24 536 96 6 154-700 1480 
25 559 96 7 163-700 1620|26 560 96 7 169-699 1620|27 561 96 7 169-699 1620 
28 951 98 8 153-663 1790|29 498 96 6 158-692 1640|30 626 96 7 184-663 1845 
31 570 96 7 209-670 1410|32 571 96 7 209-670 1410|33 939 97 7*590-454  940  
34 947 98 7*59 -45   940|35 948 98 7*59 -45   940|36 943 98 7*590-454  960  
37 946 98 7*59 -45  1000|38 944 98 7*590-454  945|39 945 98 7*59 -45  1110 
40 623 96 7 311-851 1160|41 868 97 7 327-849 1080|42 941 98 7*590-454  945  
43 572 96 7 209-670 1410|44 949 98 7*59 -45   940|45 933 97 7 312-862 1170 
46 934 97 7 312-862 1170|47 742 97 6 195-751 1400|48 537 96 6 154-700 1480 
49 889 97 7 170-660 1740| 
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Chapter 6, Table 2 Isoëto-Nanojuncetea in the Serra da Estrela    
┌──────────────────────────|────┬───┬──────────────────────────┬───┬───────────────────┐ 
│ Number in table          |1234│567│89111111111122222222223333│333│3334444444444555555│ 
│                          |    │   │  012345678901234567890123│456│7890123456789012345│ 
├──────────────────────────|────┼───┼──────────────────────────┼───┼───────────────────┤ 
│ Juncetum nanae (1-4)     |    │   │                          │   │                   │ 
│ Juncus perpusillus       |4645│...│..........................│...│...................│ 
│ Cicendietum filiformis 5-7│    │   │                          │   │                   │ 
│ Cicendia filiformis       |....│443│..........................│...│...................│ 
│ Molineriello laevis-Illecebretum verticillati-spergularietosum rubrae (8-33).........│ 
│ Illecebrum verticillatum |....│...│548772............7...2.28│...│...................│ 
│ Hypericum humifusum      |....│...│5..5..22..........2.7.2.22│...│...................│ 
│ Spergularia capillacea   |6872│...│5.2...522.2522322262......│..6│...................│ 
│ Spergularia rubra        |....│...│.....................23222│...│...................│ 
│ d association or syntaxa of higher│rank                      │   │                   │ 
│ Juncus capitatus         |...2│425│44....5..644536.....3...2.│...│..........2........│ 
│ Juncus bufonius          |...6│4.2│756.6633.33.75.258..3..23.│...│....2.2...3..2.....│ 
│ Sedum maireanum          |....│...│........6......7..........│...│..2....3..66.......│ 
│ Mentha pulegium          |....│...│...5.2...........2...722..│...│...................│ 
│ Lythrum portula          |....│...│....................237852│...│...................│ 
│ Juncus tenageia          |...5│...│.......7.....4.....5....7.│...│...................│ 
│ Scirpus setaceus         |....│2..│.....................25...│...│...................│ 
│ Radiola linoides         |....│.3.│........234...............│...│.3..2..............│ 
│ Gnaphalium uliginosum    |....│...│..................2....52.│...│...................│ 
│ Pohlia camptotrachela    |....│...│3...........3.......7.....│...│...................│ 
│ Antinoria agrostidea     |....│...│..................77......│...│...................│ 
│ Archidium alternifolium  |.2..│...│..........................│...│...................│ 
│ Anthoceros caucasicus    |....│...│....................2.....│...│...................│ 
│ Riccia beyrichiana       |....│...│....................7.....│...│...................│ 
│ Fossombronia pusilla     |....│3..│..........................│...│...................│ 
│ Fossombronia sp.         |....│...│........3.................│...│...................│ 
│ Juncus pygmaeus          |....│...│........................2.│...│...................│ 
│ BC Molineriella laevis-[Cicendion]│(34-36)                   │   │                   │ 
│ Molineriella laevis      |..32│...│3.......4.34...32.........│898│.23333433.63.2.5322│ 
│ Holco gayani-Bryetum alpini (37-55)                          │   │                   │ 
│ Bryum alpinum            |26.2│352│2....3..2.5.3..53.2.......│.2.│3338999998987879999│ 
│ Holcus gayanus           |....│...│..........2...2......2....│...│7837778786553333...│ 
│ d from other classes     |    │   │                          │   │                   │ 
│ Juncus bulbosus          |6.52│...│.......2..........2....2.5│...│.............2.....│ 
│ Briza minor              |....│22.│..........................│...│...................│ 
│ Agrostis castellana      |...2│352│2.3.35..353222552.2..33..2│...│2................22│ 
│ Leontodon tuberosus      |....│.5.│....2...5.2...22......2...│...│...................│ 
│ Ceratodon purpureus      |....│...│3.2.....2.....5...2.2.....│.3.│...................│ 
│ Juncus effusus           |....│...│....2..2............352..2│...│............2......│ 
│ Chamaemelum nobile       |....│..7│.....2........6..2...2..2.│...│...................│ 
│ Lotus pedunculatus       |....│25.│...2..2..2................│...│...................│ 
│ Juncus acutiflorus        |....│22.│....3.......2.............│...│...................│ 
│ Ornithopus perpusillus   |....│.2.│2.2.....65................│...│25222.2.2..2.......│ 
│ Montia amporitana        |....│...│............2.............│...│.2...532..2.2.22...│ 
│ Merendera montana        |....│...│..........................│...│2.5.22222..2.2.....│ 
│ Nardus stricta           |2.2.│...│..........................│...│..2......2..355....│ 
│ Narcissus bulbocodium    |....│...│..........................│...│..2....2.2.2.222...│ 
│ Ephebe lanata            |....│...│..........................│...│...223..3..2...2...│ 
│ Sedum anglicum           |....│...│..........................│...│.........2..322.5..│ 
│ Racomitrium heterostichum|....│...│..........................│...│222....2....3......│ 
│ Philonotis seriata       |....│...│..........................│...│....2....23.5......│ 
│ Racomitrium aciculare    |....│...│..........................│...│..........22...2..2│ 
│ Polytrichum piliferum    |....│...│..........................│...│25.....3.......2...│ 
│ Ornithogalum concinnum   |....│...│..........................│...│222....2...........│ 
│ Juncus squarrosus        |....│...│..........................│...│.........2...2.2...│ 
│ Logfia minima             |....│...│..........................│...│.2..2...........2..│ 
│ Micropyrum tenellum      |....│...│..........................│...│3...............2.2│ 
│ Cladonia furcata         |....│...│..........................│...│.32.............2..│ 
│ companions               |    │   │                          │   │                   │ 
│ Agrostis truncatula      |..2.│2..│22....2.2.22.3.3..........│525│2.2.....22.232222..│ 
│ Polytrichum commune      |82.2│5..│2.3......6..5.3...7.......│...│6.973..2.22336.3...│ 
│ Polytrichum sp.          |..5.│.5.│........7......5..........│...│......3.........2..│ 
│ Sedum arenarium          |....│...│...........2...2..........│..5│........2........26│ 
│ Anthoxanthum aristatum   |....│...│........6.2....3..........│...│2.2.......22......5│ 
│ Rumex angiocarpus        |....│...│...2.......2..............│...│3.......2.......2..│ 
│ Teesdalia nudicaulis     |....│...│........2.................│...│22...2..........3..│ 
└──────────────────────────┴────┴───┴──────────────────────────┴───┴───────────────────┘ 
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In less than 4 relevés: Agrostis stolonifera: 15,2.Aira praecox: 17,2; 18,2.Alisma 
lanceolata: 31,2.Allium roseum: 38,2.Alnus glutinosa seedling: 28,2.Anthemis arvensis: 25,2.
Apium nodiflorum: 12,2.Arnoseris minima: 16,2; 37,2.Aulacomnium androgynum: 50,2.Aulacomnium 
palustre: 50,2.Barbula convoluta: 7,2.Bidens sp.: 12,2; 30,2; 31,2.Brachythecium albicans: 
45,2.Bromus hordeaceus: 54,2.Bryum cf minii: 7,2.Bryum pseudotriquetrum: 26,2.Callitriche sp.: 
31,2.Carex binervis: 15,1.Carex leporina: 26,5.Cephaloziella cf rubella: 22,2.Cephaloziella cf 
stellulifera: 16,2.Cerastium ramosissimum: 19,2.Cladonia gracilis: 37,2.Coelocaulon aculeatum: 
37,2; 53,2.Conopodium majus: 37,2; 38,2.Corrigiola telephiifolia: 20,2; 26,2; 28,2.Crassula 
tillaea: 28,2.Crocus carpetanus: 50,2.Cyperus longus: 28,2; 29,6.Danthonia decumbens: 6,2.
Dryptodon patens: 45,3.Epilobium obscurum: 17,2.Epilobium sp.: 28,2.Erophila verna: 38,3.
Eurhynchium pulchellum: 45,2.Festuca ampla: 17,2.Festuca henriquesii: 49,2; 51,2.Festuca 
rubra: 21,2.Filago pyramidata: 13,2.Fontinalis antipyretica: 50,2.Gaudinia fragilis: 25,2.
Gladiolus illyricus: 38,2.Glyceria declinata: 12,6.Grimmia montana: 46,2.Grimmia sp.: 48,2.
Herniaria lusitanica: 28,2.Holcus lanatus: 12,7; 29,3.Hyacinthoides hispanica: 38,2.Hypericum 
linariifolium: 38,2.Hypnum cupressiforme s.l.: 45,2.Hypochaeris radicata: 5,2; 38,2; 46,2.
Juncus articulatus: 32,2.Juncus heterophyllus: 33,2.Leontodon taraxacoides: 13,2.Linum bienne: 
29,2.Marsupella sphacelata: 46,2.Mentha suaveolens: 11,2; 12,2; 28,2.Mibora minima: 53,2.
Moenchia erecta ssp. erec: 7,2; 19,3.Narcissus rupicola: 37,2.Ornithopus pinnatus: 7,2.
Pedicularis lusitanica: 6,5.Pedicularis sylvatica: 46,2; 51,2.Philonotis fontana: 5,2; 49,5.
Philonotis sp.: 20,3; 51,6; 54,2.Physcomitrium pyriforme: 28,2.Plantago lanceolatum: 23,2.
Poa annua: 13,2; 15,2; 55,2.Pogonatum aloides: 49,2.Polychidium muscicola: 41,2.Polygonum 
aviculare: 11,3; 25,2; 30,2.Polygonum sp.: 12,2; 31,2.Polytrichum juniperinum: 20,2; 37,2; 
38,6.Pseudocrossidium hornschuchiana: 7,2.Pulicaria dysenterica: 29,2.Racomitrium hespericum: 
40,3; 50,2.Racomitrium macounii: 49,3.Ranunculus bulbosus ssp. alae: 49,2.Ranunculus 
muricatus: 54,5.Ranunculus ollissiponensis ssp. ollissiponensis: 38,2.Ranunculus paludosus: 
39,2; 44,2.Sagina apetala: 28,2.Salix atrocinerea (s): 31,2; 32,2.Scilla ramburei ssp. 
beirana: 16,2; 38,5; 44,2.Sedum brevifolium: 34,2; 53,2.Sedum pruinatum: 37,5.Sedum sp.: 28,2.
Serapias cordigera: 16,2.Serapias lingua: 7,2.Spergula arvensis: 31,2.Spergula morisonii: 
53,2.Stellaria alsine: 17,2.Tortula subulata: 45,2.Trifolium glomeratum: 13,6.Trifolium 
repens: 11,2; 12,5; 26,2.Ulex minor (j): 18,2.Vulpia bromoides: 54,2.Vulpia species: 5,2; 
19,2.Wahlenbergia hederacea: 5,2; 6,2.Xolantha guttata: 5,2; 48,2. 
 
Table nr., running nr., year, month, utm 29TPE (* = 29TNP instead), altitude (m), exposure, 
inclination (º) 
 
01 389 95 7 152-648 1815      │02 411 95 8 182-642 1900      │03 420 95 8 182-666 1760        
04 521 96 6 200-761 1360      │05 543 96 6 333-852 1070 E   3│06 867 97 7 333-852 1070        
07 660 97 5 413-865 700  E  10│08 845 97 6 210-739 1530      │09 292 94 8 218-737 1490        
10 800 97 6 275-832 1310      │11 661 97 5 250-783 980       │12 791 97 6 307-709 550         
13 853 97 7 261-762 1110 W   1│14 914 97 7 175-755 1320      │15 358 95 7 216-727 1495        
16 806 97 6 365-875 1030 S   2│17 915 97 7 175-754 1320      │18 935 97 7 310-862 1175        
19 529 96 6 216-737 1490      │20 809 97 6 292-832 1100 SE  1│21 306 94 8 199-647 1630        
22 931 97 7 339-913 925       │23 872 97 7 363-875 1030 S   4│24 918 97 7 201-750 1400        
25 932 97 7 317-906 740  SW  3│26 535 96 6 153-700 1480 SE  5│27 448 95 8 152-693 1600        
29 711 97 5 277-883 580       │30 930 97 7 413-864 700       │32 929 97 7 413-864 700  S   3 
33 936 97 7 311-890 840  E   3│31 942 98 7 590-454 960       │28 938 97 7 590-454 940         
34 796 97 6 176-664 1845      │35 828 97 6 140-675 1780 N   1│36 830 97 6 143-685 1600        
37 784 97 6 268-653 1340 E  10│38 724 97 5 250-699 1340 NE  3│39 749 97 6 199-738 1445 W   5 
40 425 95 8 201-653 1430 NE 20│41 453 95 8 157-700 1505 W   3│42 540 96 6 145-693 1540 SW  5 
43 569 96 7 198-670 1430 SW  5│44 747 97 6 199-738 1445 W   3│45 891 97 7 162-660 1680 S   5 
46 414 95 8 172-663 1770 S   1│47 896 97 7 146-657 1500 SW  3│48 531 96 6 155-702 1515 SW  5 
49 410 95 8 182-642 1910 SE 55│50 419 95 8 185-668 1660 S  10│51 416 95 8 172-662 1750 SW 30 
52 495 96 6 153-663 1800 S  50│53 496 96 6 201-749 1415 NE  5│54 750 97 6 213-738 1520 E   5 
55 734 97 6 270-401 1090 N  30│ 
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Appendix 2 
Table 1 Natura 2000 species reported from the Serra da Estrela 
FLORA ANNEX II  (IV ) 1910 Narcissus triandrus IV 
1385 Bruchia vogesiaca II  5112 Rubus genevieri herminii V 
1784 Centaurea rothmalerana II, IV 1849 Ruscus aculeatus V 
1793 C. micrantha herminii II,IV 1837 Scilla beirana IV 
1885 Festuca elegans II, IV  1708 Scrophularia herminii V 
1890 Festuca henriquesii II, IV 1735 Scrophularia sublyrata V 
1891 Festuca summilusitana II, IV 1773 Senecio caespitosus IV  
1390* Marsupella profunda II  1409 Sphagnum angustifolium V 
1865 Narcissus asturiensis II, IV 1409 Sphagnum auriculatum V 
1857 N. pseudonarcissus nobilis II,IV 1409 Sphagnum capillifolium V 
1733 Veronica micrantha II, IV 1409 Sphagnum centrale V 
FAUNA ANNEX II (IV) 1409 Sphagnum compactum V 
1308 Barbastella barbastellus II, IV 1409 Sphagnum cuspidatum V 
1078* Callimorpha quadripunctaria II 1409 Sphagnum fallax V 
1088 Cerambyx cerdo II, IV 1409 Sphagnum flexuosum V 
1172 Chioglossa lusitanica II, IV 1409 Sphagnum girgensohnii V 
1116 Chondrostoma polylepis II 1409 Sphagnum molle V 
1194 Discoglossus galganoi II,IV 1409 Sphagnum palustre V 
1065 Euphydryas aurinia II 1409 Sphagnum papillosum V  
1301 Galemys pyrenaicus II, IV 1409 Sphagnum rubellum V 
1024 Geomalacus maculosus II, IV 1409 Sphagnum russowi V 
1249* Lacerta monticola II, IV 1409 Sphagnum squarrosum V 
1259 Lacerta schreiberi II, IV 1409 Sphagnum subnitens V 
1083 Lucanus cervus II 1409 Sphagnum subsecundum V 
1355 Lutra lutra II, IV 1409 Sphagnum tenellum V 
1041 Oxygastra curtisii II, IV 1900 Spiranthes aestivalis IV 
1221 Mauremys leprosa II, IV 1691 Teucrium salviastrum salviastrum V 
1310 Miniopterus schreibersi II, IV 1581 Thymelaea broteriana IV 
1323 Myotis bechsteinii II,IV FAUNA ANNEX  IV OR V 
1307 Myotis blythii II, IV  1191 Alytes obstreticans IV 
1321 Myotis emarginatus II, IV 2501 Barbus bocagei V 
1324 Myotis myotis II, IV 1202 Bufo calamita IV 
1305 Rhinolophus euryale II, IV 1327 Eptesicus serotinus IV 
1304 R. ferrumequinum II, IV 1363 Felis silvestris IV 
1302 R. mehelyi II, IV 1359 Herpestes ichneumon V 
1303 R. hipposideros II, IV 1360 Genetta genetta V 
1127 Rutilus arcasii II 1311 Hypsugo savii IV 
1135 Rutilus macrolepidotus II 1203 Hyla arborea IV 
FLORA ANNEX  IV OR V 1314 Myotis daubentoni IV 
5111 Armeria sampaioi V 1322 Myotis escalerai IV 
1762 Arnica montana atlantica V 1322 Myotis nattereri IV 
5113 Cladina arbuscula V 1331 Nyctalus leisleri IV 
5113 Cladina portentosa V 5008 Pipistrellus kuhlii IV 
5113 Cladina rangiferina V 1309 Pipistrellus pipistrellus IV 
1657 Gentiana lutea aurantiaca V  5009 Pipistrellus pygmaeus IV 
1875 Iris lusitanica V 1326 Plecotus auritus IV 
5105 Lycopodium clavatum V 1329 Plecotus austriacus IV 
5191 Lycopodiella inundata V 1216 Rana iberica IV 
1504 Murbeckiella pinnatifida herminii V 1211 Rana perezi V 
1491 Murbeckiella sousae IV 1333 Tadarida teniotis IV 
1864 Narcissus bulbocodium V 1174 Triturus marmoratus IV 
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Table 2 Natura 2000 habitat types reported for the Serra da Estrela 
Fresh water habitats 6410 Molinia meadows
3130 Oligotrophic to mesotrophic standing waters 6430 Hydrophilous tall herb fringe communities
3150 Natural eutrophic lakes 6510 Lowland hay meadows
3160 Natural dystrophic lakes and ponds 7110* Active raised bogs
3170* Mediterranean temporary ponds 7120 Degraded raised bogs
3260 Water courses of plain to montane levels 7140 Transition mires and quaking bogs
3270 Rivers with muddy banks Rocky habitats and caves
3280 Constantly flowing Mediterranean rivers 8130 Western Mediterranean screes
3290 Intermittently flowing Mediterranean rivers 8220 Siliceous rocky slopes 
Temperate heath and scrub, Matorral 8230 Siliceous rock with pioneer vegetation
4010 Northern Atlantic wet heaths 8310 Caves not open to the public
4020* Temperate Atlantic wet heaths Forests
4030 Dry heaths 91B0 Thermophilous Fraxinus angustifolia woods
4060 Alpine and subalpine heaths 91E0* Alluvial forests with Alnus glutinosa
4090 Endemic oro-Mediterranean heaths with gorse 9230 Galicio-Portuguese oak woods
5120 Mountain Genista purgans formations 9260 Castanea sativa woods
5230* Arborescent matorral with Laurus nobilis 92A0 Salix alba and Populus alba galleries
5330 Thermo-Mediterranean and pre-desert scrub 92D0 Southern riparian galleries and thickets 
Natural, semi-natural grasslands, bogs 9330 Quercus suber forests
6160 Oro-Iberian Festuca indigesta grasslands 9340 Quercus ilex and Q. rotundifolia forests
6220* Pseudo-steppe with grasses and annuals 9380 Forests of Ilex aquifolium
6230* Species-rich Nardus grasslands 9540 Mediterranean pine forests
9580* Mediterranean Taxus baccata woods
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Appendix 3b 
The occurrence of Natura 2000 plant species in various environments in the Serra da 
Estrela. (Chapter 9: Table 5. A = mosaic B+C; B = Natural ecosystems (no farming, no 
wildfires); C = Traditional farming (no forests but chestnut); D = Abandonment (natural 
ecosystems + wildfires); E = Production forest. x = present; 0 = absent; ? = unknown
FLORA ANNEX II  (IV ) A B C D E 
1385 Bruchia vogesiaca II  x x x ? 0
1784 Centaurea rothmalerana II, IV x x ? ? ? 
1793 C. micrantha herminii II,IV x x x x 0 
1885 Festuca elegans II, IV  x x x ? x 
1890 Festuca henriquesii II, IV x x x x 0 
1891 Festuca summilusitana II, IV x x x x 0 
1390* Marsupella profunda II  x x x ? 0 
1865 Narcissus asturiensis II, IV x x x x 0 
1857 N. pseudonarcissus nobilis II,IV x ? x x 0 
1733 Veronica micrantha II, IV x x ? 0 ? 
FLORA ANNEX  IV OR V 
5111 Armeria sampaioi V x x x x 0 
1762 Arnica montana atlantica V x ? x x ? 
5113 Cladina arbuscula V x x x x 0 
5113 Cladina portentosa V x x x x 0 
5113 Cladina rangiferina V x x x x 0 
1657 Gentiana lutea aurantiaca V  x x x x 0 
1875 Iris lusitanica V x x ? ? ? 
5105 Lycopodium clavatum V x x x ? ? 
5191 Lycopodiella inundata??V x x ? ? ? 
1504 Murbeckiella pinnatifida herminii V x x ? x 0 
1491 Murbeckiella sousae IV x x ? x 0 
1864 Narcissus bulbocodium V x x x x ? 
1910 Narcissus triandrus IV x x x x x 
5112 Rubus genevieri herminii V x x ? ? ? 
1849 Ruscus aculeatus V x x x ? x 
1837 Scilla beirana IV x x x x 0 
1708 Scrophularia herminii V x x x ? 0 
1735 Scrophularia sublyrata V x x ? ? ? 
1773 Senecio caespitosus IV  x x x x ? 
1409 Sphagnum angustifolium V x x x ? 0 
1409 Sphagnum auriculatum V x x x ? 0 
1409 Sphagnum capillifolium V x x x ? 0 
1409 Sphagnum centrale V x x x ? 0 
1409 Sphagnum compactum V x x x ? 0 
1409 Sphagnum cuspidatum V x x x ? 0 
1409 Sphagnum fallax V x x x ? 0 
1409 Sphagnum flexuosum V x x x ? 0 
1409 Sphagnum girgensohnii V x x x ? 0 
1409 Sphagnum molle V x x x ? 0 
1409 Sphagnum palustre V x x x ? 0 
1409 Sphagnum papillosum V  x x x ? 0 
1409 Sphagnum rubellum V x x x ? 0 
1409 Sphagnum russowi V x x x ? 0 
1409 Sphagnum squarrosum V x x x ? 0 
1409 Sphagnum subnitens V x x x ? 0 
1409 Sphagnum subsecundum V x x x ? 0 
1409 Sphagnum tenellum V x x x ? 0 
1900 Spiranthes aestivalis IV x x x ? 0 
1691 Teucrium salviastrum salviastrum V x x x x ? 
1581 Thymelaea broteriana IV x ? x ? ? 
Total number: 50 47 42 18 3 
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Appendix 4 Additional remarks on some syntaxa 
1 Calluno-Ulicetea 
 
The large number of relevés of the vegetation types distinguished within this class only permitted 
a synoptic table in which species with less than 10 % occurrence have been omitted due to lack 
of space. However, extra attention was given to the Potentillo-Callunetum of which all relevés 
could be fully published. Cephaloziella elachistica was collected in relevé 92-254 (ES1291) of 
the Potentillo-Callunetum, but the process of identifying and verifying took some time and as 
a result this species, which is new to Portugal, could not be included in Table 4.2 (nr. 16) of 
Chapter 4. Relevé 92-254 (ES1291) has been later indicated as the lectotype of the Potentillo-
Callunetum pycnothelietosum papillariae (Van den Boom & Jansen 2002). The relevé contained 
Cephaloziella elachistica, but the process of identifying and verifying this new species to Portugal 
(Sérgio et al. 2001) took some time and as a result this species could not be included in Table 4.2 
(nr. 16). In order to have this new subassociation correctly published, Cephaloziella elachistica 
should have been added to the published relevé.  
2 Pino-Juniperetea (syn. Junipero sabinae-Pinetea sylvestris) and Vaccinio-Piceetea 
 
A) Determining the limits of the Juniperion nanae and the Genistion purgantis 
 
Questions have arisen about differences in potential vegetation in the higher parts of the mountain 
as a remarkable distribution pattern was observed of Dwarf juniper scrub, which is possibly 
related to climatic differences and which could be reflected on high levels of syntaxonomic 
classification. This observation calls for further investigation, which could have consequences 
for the interpretation of Dwarf juniper vegetation on a European scale. Since 1970, Dwarf uniper 
scrub in Serra da Estrela is generally known as the Lycopodio-Juniperetum, but this association has 
not been correctly published according to article 16 and 37 of the International Code (Weber et al. 
2000). Braun-Blanquet et al. (1964) artificially added Lycopodium clavatum to the original relevé 
of the “Groupement Juniperus nana et Cytisus purgans” (Braun-Blanquet et al. 1952) which was 
validated by Rivas-Martínez (1970) as the Lycopodio-Juniperetum. However relevé ES1279 in 
Table 2 of Chapter 4 is the only existing relevé in which Lycopodium clavatum is naturally present. 
It was wrongly assigned to the Potentillo-Callunetum variant with Vaccinium myrtillus, which is 
rather different from the other variants of the association. The proportion of species from Calluno-
Ulicetea is too small to attribute this type to that class and in cooperation with Prof. Dr. Salvador 
Rivas-Martínez and Prof. Dr. Victor Westhoff, the variant with Vaccinium myrtillus was included 
in the Pino-Juniperetea (Jansen et al. 1999). In the variant there is a high presence and cover 
percentage of Juniperus alpina and in addition some preferential species of the Vaccinio-Piceetea 
do occur: i.e. Hylocomium splendens, Rhytidiadelphus triquetrus, Rhytidiadelphus loreus and 
Vaccinium myrtillus. It seems that Braun-Blanquet and his Portuguese colleagues confused this 
kind of vegetation with Dwarf juniper scrub in which Cytisus oromediterraneus is conspicious. 
Besides Lycopodium clavatum, they mentioned the possible occurrence of Vaccinium myrtillus in 
the “groupement Juniperus nana et Cytisus purgans” (Braun-Blanquet et al. 1952), but all relevés 
with Vaccinium myrtillus in Serra da Estrela ever published do not include a single specimen 
of Cytisus oromediterraneus. In a survey of Iberian vegetation by Tüxen & Oberdorfer (1958) 
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the name “Genistion purgantis” was proposed for vegetation consisting of Juniperus alpina and 
Cytisus oromediterraneus, in which elements from the Vaccinio-Piceetalia are lacking. In this way 
the Euro-Siberian communities with Juniperus alpina (Juniperion nanae, Vaccinio-Piceetalia, 
Vaccinio-Piceetea) could be separated from the Mediterranean communities (Genistion purgantis, 
Calluno-Ulicetalia, Nardo-Callunetea). The relevés with Lycopodium clavatum and Vaccinium 
myrtillus (Chapter 4: Table 2) seem to have more affinity with the Juniperion nanae than with 
the Genistion purgantis. In the Serra da Estrela the distribution of Dwarf juniper scrub without 
the Cytisus oromediterraneus mainly occurs in the northwestern sector of the highest zones, 
whereas Dwarf juniper scrub with Cytisus oromediterraneus mainly occurs in the southeastern 
sector. It is suggested that this symmetry is reflecting the transition between the Temperate and the 
Mediterranean bioclimate (Jansen 2002). Thus the difference between the Juniperion nanae and 
Genistion purgantis, as proposed by Tüxen and Oberdorfer (1958) for phytogeographic reasons 
on a European scale, becomes apparant in Serra da Estrela, where on the ranges of distribution of 
both alliances seem to meet. In Chapter 3 it was already noticed that Cytisus oromediterraneus 
is mainly abundant in the eastern part of the Serra da Estrela; in particular in the south-east and 
that the described hypothetical developmental series can only be applied on that area (Chapter 3, 
Fig. 1). Recently this observed phytogeographical phenomenon has been supported by climatic 
evidence. Mora (2010) produced a synthetic map of topoclimates of Serra da Estrela in which a 
clear spatial symmetry occurs with regard to (1) the NNE-SSW direction of the major valleys (Z 
zere and Alforfa) that seem to act as important drainage lines of cold air and with regard to (2) the 
slope aspects between the northeastern and the southeastern sector of the higher zone. 
Presently in the addenda to the survey of plant communities of Portugal and Spain (Rivas 
Martínez et al. 2002) the Juniperion nanae is indeed assigned to the Vaccinio-Piceetea and the 
Genistion purgantis as a synonym of Cytision oromediterranei to the Pino-Juniperetea (synonym 
of the Junipero sabinae-Pinetea sylvestris). The local distribution of two communities of psychro-
xerophytic grasslands of the Festucetea indigestae Rivas Goday & Rivas-Martínez 1971, which 
according to Rivas-Martínez et al. (2002) are climactic formations just as the Juniperion and the 
Cytision oromediterranei,  also seems to reflect the effects of the Temperate and the Mediterranean 
climate. The Sileno elegantis-Luzuletum caespitosae J. Jansen nom. nud. (Natura 2000 code 6160) 
occurs only locally on slopes with northern exposure (Jansen 1998 p. 109, Boom & Jansen 2002, 
Vieira et al. 2002) and is regarding its floristic liaison with Festuca indigesta-grasslands in the 
Cantabrian Mountains in the Euro-Siberian region probably a representative of the Temperate 
mountain climate-type, whereas the Jasiono centralis-Minuartietum juressi Rivas-Martínez 1981, 
which has the broadest distribution in Estrela, is a representative of the Mediterranean mountain 
climate-type. 
The extraordinary geographical position of the Serra da Estrela as the southwestern-most high 
mountain of Europe is of importance to understand the ecological behaviour of Dwarf juniper 
scrub and its relations to Cytisus oromediterraneus scrub and Echinospartum pulviniformis 
scrub (Natura 2000 codes 4060, 5120 and 4090 respectively), in particular under climate change, 
which may cause a shift along the axis of their distribution areas. An example of the European 
distribution area of ‘4060 Alpine and subalpine heaths’ is given by Zaghi (2008). 
3 Isoëto-Nanojuncetea 
 
The floristic and ecological characterization of the newly described the Holco-Bryetum is very 
clear, but as discussed in Chapter 6, its syntaxonomical position is difficult to assess. In the 
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meanwhile the presence of this association has been confirmed in NW and NE Portugal (Aguiar 
2001, Honrado 2003, Silva 2009) and the Molineriello-Illecebretum spegularietosum capillaceae, 
which is proposed as a new subassociation, has been reported from NW-Portugal too (Honrado 
2003, Silva 2009). 
 
The unidentified Sedum sp. occurring in relevé 97-191 (ES838) of an observed dehydrated mixed 
moss carpet with a higher share of Campylopus pilifer than Bryum alpinum at an altitude of 550 
m mentioned in Chapter 6, could later be identified as Sedum maireanum. The physiognomy of 
therophytic species growing in the mixed moss carpets that stretched out over polished rocks in 
the location in question, showed a remarkable resemblance with the Holco-Bryetum, but the high 
cover abundance of the cushion-shaped Campylopus suggests that perhaps another undescribed 
community is concerned. Campylopus pilifer and Pleurochaete squarrosa, which also occurred in 
the relevé, both appear in vegetation tables of Isoëtion communities in Portugal (Silva 2009). In 
Chapter 6 it was already stressed that research should be continued in the lower parts of the Serra. 
When in future bryophytes could be included in the research on Isoëto-Nanojuncetea communities 
in Portugal and Spain, then perhaps syntaxa with similar behaviour may be distinguished that can 
justify a new alliance or order in which the Holco-Bryetum can be ranked. This is of importance to 
refine Natura 2000 habitat types 3120, 3130 and 3170*, but also to detect distribution patterns of 
rare and/or endemic species that could possibly occur in related syntaxa, as in the Holco-Bryetum 
a large share (about a quarter) of endemic species occur, including the Annex IV species Scilla 
ramburei subsp. beirana. 
